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ma(hcmatifs in different coiyitries. ^i()st’ of tliese reporta' -ivere 
ready, for the Canihrid^e congress' in r»12, hut since then several • 

. more have appeared, .^t this «Tilhig Is couiftyies have f)ublish^ 
irs report^ contamin^ oyer 12,000 pages’! Gemiiiny has already 
issued 50 reports, with a toUil of 5,393 pagfs. About a fifth. of this, 
space is •requited by tbii-lliited States for its 14 reports (the present 
report being th<V,fifte^th), and about’a sixth of the same space by • 
cneh of the following countriesTAustria, .with. 13 reports; Great ’ 
Britain, with' 3*1 reports; Switzerland, -with 9 reports; and Japah, . . 
wit|i.2 volumes. The reports of Franco cover some ^00 pages. Of ' 
more nipdcst dimensions nije, in order c<,size,. tbo re’ports from Bel- 
■ piuiu, Russia (im fudihg Finland), Italy, Sweden, Spain, Netherlands, . 
Hungary, Deniuarjv, Australia, qnd* Rouinnnia (l report .of 16 pag^). 

From this statement it will be observed tliat mueb greater 'detail 
is given iii the case of some countrie.s thai^ in others. Moreover,* . 
ev<-n in reports of about the same length different subjects are em- 
phasized. As this bul fid i;i is based very largely upon facts drawn 
from .the repprts to the International Commiasinn, uic treatment of ' 
its seetSons varies with the e.xlent of data at hand, and lack of uni- ' 
fonuity is a netcMity. No claim is mailo. for originality of presen- 
tation. ' . , . ' 

For. the most part oidy those schools which are under tlip immedi- 
• ate dirtietion of the Gpf'ernmeut have been odnsidered. And even 
here disc.ffssion is limited to tHd best schools for bin-s and to the teach- . ' 
ers in such schools. As a rtile' .tho schools fbi\mrls aronot as com- 
pletely organized nor of so higTTA. sliin.dard. ■■ ‘ 

It has seemed to mo desirable, tor include in this bulliltin, when 
poiaible. very brief independent skotchics of the education^ coh:' J 
dilibns in . the varibus countries, so that the read/?rhniay receive v 
here ip connected form condensed but definite accounts of tiie follow- ‘ 
ing phases of educational work in the country' under discussion, in 
so. far as they bear on the preparation .of teachers of secondary 
mnthmnatics; ' (1) [Hio general educatumaj schenie; (2) Secondary' 

^ : ' * — ; I — — : ^ ^ . 

• For gTMtef deuur along this Um the reader nyy te calarFed to Monrpe’e C^lopedta €/:idueotion (5 
volumes, Kow York, 1011-1^3). As to mathematli^ Instruction the Btblto^phf c/th* rmcktfv Mdth- 
ematkt, t900-t9it^ hy 0, E. Smftb'Ad K. Goldslher (Du, '.of Edtio., Dul.,1012, No. 30), Washingtda; ; 
(iovermneni Printing Offloe, 1912, oontuim Uties suppletnentary to the MhUogmphies In the rollowlng 


.isnjet. . 
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. 4 TEACllKRfi OF MATURMATICS FOR' SECONDARY 8CBQ0I3. 

bcKooIh and thwr rolalion-. to. tiiat scheme; (3) the mathcmatiw 
taught iiHhe aecondarv schools and the pupils to «;hom it is taught ; ' 

(4) the inducements (such as salary, iMS^sioiis; social position^ to 
young men to take yp sccomlar\^school- .teaching as a pnrfcssi)in- ' 

(5) . the uaivcrsili,>8 of the country, iKc cours.'s of mathematics and' 
allied subjects -.they olfer, and .the <ii|domns or ccrtiticaYis they 
confcr. With 'this in min'd, one may gc.» an, intelligent idea both 
of the preparation of riic secondary-school lonidicr for his .hitii-s \ 
and of' the type and caliber b( mcti who tjike up such work. Air 
endeavor has been made to picture .(•ohditions. of the proseiit, day.' 
Only occtisional brief historical comments Imvo been introduced. ' f 

Atji uiiH>llng of the International t'oiijiiri.ssion on alic Teaching of 
Mrtthemnti.;s hold.ut I'aris in April, IftH, tlic commi.s.sion decided 
study the thcore,ticul aiid piactietd , jireparation of prof«>s.sors of 
mathematics m the secondary schools of iliffen-ni'counlriis. It W8.t> 
considen'd. that .such a work •'wouM .-ons'litute in a cerfain sense 
the crown of the labors of the comii|i.s.si,(ii." .Karly in igi.-i « qnc,sl 
tiomiaire was publislied ’ in onlcr to acqiiHint those who juiglit 
consent yo prcpiiro tlie sp«yinl reports f<ir. dilfcrcnt count ri»*s /with 
the qu<*stioiis whicirthc c<.niinis.sion wish.-d torhave them ai/s\tcr. 

As far Its 1 have been able to learn, only two rcjiorts Imscd'iiii^i this 
que.stioiinaire have been published: ay t|^s writing;- these ore ibe 
brief report Cl4 pages) by W. hictzinaim. cdiicerning (Jeniiaiiv, and 
the longer report .on llclgiutn by ,1.. b'o.se. It is litipcn that the 
geixeriU ra^irl submitted herewith nniy be cbnsiderc.l a worthy con- 
tribution to the coniniissiohs spciiaVin<|uirv. . ' 

At the priisent tinic superinicndcnis, insjicVtoiN. and principals in 
many'parts pf the United State.>i have been fore.-d by fiutdie opinion ‘ 
to considee numerous radical chang.^s il^ mcthbd.s of secqmlarv- . 
school eilucatmn: If a high nihiiimiin standard of pr.'paratioh were' 

required on the pafl of caVh teacher,- and the position of the tenclicr 
were made such aa to aUracl*in .^iujlicient ntinibcrs the best tfilent .in 
file, country, other dilliculii.-s would dil<ap|H-ar. .Most countfic.s con- 
suli'rcd nv this biilletiH Jinw: far Higher sinndards than we wri-li 
ri'spcet to teachers of inathcnialics iii secomhirv schools. ’ The 
degree of this sup,*riority is exhibiieil throughout the following pagts, 
and sopi.c (if the chief points are sunuiiqriV.ed in the bust chapl(.*r. 

In What follows, statenjunts concerning couiitrii-s how aUwar refer,' 
for the most par^t, to. ante ludluni days. » 

■' "• •' R. C. A. . 

*yor fuller ^coouiit ©f the worA In rneVhemmies see rVriciOi in MatA^ics lalnmnaHaon 
<Btt..of Muc:. Rul.;. 19H. ffn. WajihlnRinn; im. . > MoueiMiti, by j. c, Ur»«s 

J/aiMintiuitMf, tome 17, Jen nary, wii, pji. 61^ See aleo ppJlw- hi 










TRAINING OF TEACHERS OF MATHEMATICS FOR 
' . . THE SECONDARY SCHOOLS. 


I. ArsTKALlA. 


^ Aifssfrnlifl is-noiitirnli.v JlivicliMl iiito fiyo Staff's S'VJl'li Wal«, 
\ ii.'(oria, Qmwusiaiul,' SotiUr AuHtralia, . lV<'sU»rfj AustruliiO, whici) 
wufj tlw' islniwl ()f TiMihaitia foritv Ax-liBi‘; l»as lioou .kiiown sinco 1001 
.ijv-fiHo ('onunoiiwoaltii Of ^Ausifnlin. of Ui« six rapftals 

iSydittvy. Sl»>Jl»iAirno, llris^iw. A^l.daiHo, Porlli;' and,Alo ihoro 
cxcsts a- ^nivohsjt'j- siipprirtiHl'in piirt liy', 4 >»il»{i<‘ fimils and in part 
Uy.priyato otu|imTTi|imts , And whilo. tho 

r.lHra(ionnl <>onditi'<'>?is vary frre^tjy -in tf!o diffOnnU Slalas 4 »nd ..not 
a Ijttlo in tho. sanjV'i^tato. tlu» u'niv<*rsiti««i. \yliautvor lludr stafjis, 
.ar<> t lio of th(J oduoat ionaJ swloni of M'hirli tlioy fonii a part. 

I lu‘ Sfiu-lii tijys aiifl V'irforiu! oa»'li with a po|»n- 

Jafioti of nv>r*y tlian ono aiivi ono^i^f in illi<Mis nivd witii nniviM-siiios 
fomnloti woll ovor.balf a I'cnlnrj; aj'Oi.aro firoati.v sujvrior to tho>v in 
ili<> (Mnwliliiua fitato o -VVast^'rii Australia, with iis a<‘an('n;i| popula-. 
iioii pT'lass than 'SOO.OplVjvaoph' (in 10 1.l> andja university wliieh hius 
hei.n ih. operatuni.lnit a slvo^^^ ‘ - •• , 

The pwruliarity itf-Aitaralian M i» thin tba Statr noi onlv Vohtro)i>. Imt 
e<>mpl..«.ly anil nly.idiit<>f> siippi.rU inil rpi"iitalc's tln> Rv.-rpiii of piijilic ..duration, 
wilhoHt i>.ii.|R.rt fn>in or inU>rf<Tf.n<v. I.v tho l<valiti.‘« in whirh the « lumU may lir 
.Aij.antlian odiiravi.oti IwiIh Ihi'n-fon. to la- roinrtlin.dV>vVt..|na’ti...jii;d h.mioccaroui!; 
•I.til Hiiira liaTil iijt,.r«.Rt ir naoirallyr filf|il; ihn oxI. rmil.VHiiipmpnt oHh.> spHooIr is 
iiRiuljv of anyiifp'rior iJ)arji |..r.,\v|iilp thp analilipjitVmis of tho U-ai liprs an- distinnty 
R;ipi rior. frimary pdupatrmi thri^jiyhoiit, .tustralia la' fre... biTt wpohdarv ir noi.. 
Thp siatp;i«..(^udary schools aro fow..p and sornpa hal Ipw imporUint than tiiiwu of 'a 

^'inipiiblw eii<^f>\v^d nr.dt'ntiminiitiniial rhaiucUT.’ . ' ^.* * * 

The orKiiiiixai'ioh of SoeoHdar.v edueu(ini\-in A^AtraliW ’is pa.ssinft 
through a period of activo •d“’e1opnieiit.^ Iliit untif: very recently 
the chief inlliumce n'pon the Work pi lluisorondiiry schools hiw hcelt 
e.Kerlpd hy the universities, not on|>^ through tlie’ir requirenionts at 

inatriculatioh, but also threiugh a aysttyii of public exaaitnatijons. taken * 

by pupils of thesBchoob wittilhpr. thay proposeti to enter the univer- 

V'Thr unlvs^tiM, lha^;n.a 8tal« uojrrxjlttnln thir usual Ap'winUltr.trrni. usi in miwl Mariijarnl* 
i«pporti«t.hy ttwautp. 'In ioair.tostaB«^,ll>s;pro|KW»lc« <»stM^r rtvpniitf fnaa‘ 0ir1m!a.rT 
ih* fr^ooi Of <h«ir ada>Uiaii»UoQ,1t vp^I U ikfltattf t,> «sUn^ ibsm 


6 TEACHERS OP rt'A-raEM^Tiqs for Secondary schools. 

Mties.or not. Those okamlnations are siWlar to the Cambridge and 
Oxford locd examinations. The machineVy in connection with 
them has differed from. State to State, ^inco 1912 they are grad- 
u^Uy being displaced by a much more .sati-sfactoty system of State 
iiitermodmte.'and leaving certificates. The requirements for these, 
examinations and cortificaWs give- a fair, ideafof the ground Wie 
.teacher must^c^or in his instruction! Foi' the Stitos a onler 
those roquiromoiTts aro: ... 


•• 

# 


. r ^ JUNIOR AND SENIOR EXAMINAtlONS, 

^ ^ UNIVERSITY or SYDNEY. ' . ' . ' 

Till very recently the junior examination wa.s lield in Juno of each 
year. Candidates averaged 1.5 years of ago. The examination, was 
mtondod to cover the firet two or three, years ’ work hf the secondary 
school. . Every student matriculated at the univomity had to pass 
the' mathematical papers of tliis or an equivalent examjnation. 
Almost all of those taking mathematical cla.sses in their university 
course also passed the senior' examination in mathematics -• befere 
entrance. The soniort.xa6iiiiation was usually taken from oho nnd- 
a half to twer aim a hhlf years after the junior; arhKtional papers or 
teparate questions were sot for honor candidates. ‘ 

In Now South Wtilos the above junior and senior examinations are 
now replaced by the system of State intermediate ifiid leaving-certifi- 
cates. , Tho.foripor is awarded after tlih sficce-s-sful i-ompletion of two 
yoare work in the high school. The courses of study i'li the matho- 
.matical subjects are, in outline, as follows- - 

■ Arithv^l^: This farm* a part of the first and seconJVjearg’ work for all pupils It 
mcludcs mensuiytion, the plane figurerf-named fn the syllabus bciuB the rictanele 
triangle, parallelogiam, quadrilater^, and< circle. The solids are the lectahgular , 
pnsm pyramid, cylinder, cone, and sphere. The simple numerical trigo- 
Aometry of the nght-angled triangle is also intBMluccd. This is not taken in the 
ai^meuc wurse till after a simple geometric treatment has made possible a satis-'* 

factory discussion of the points involved. . •* <. » • 

, .. The work in algebra of these two years goes up to simple caao of siiiul- 

. The imriation and change of sign of the expressions ax+b and 

Studied graphically and algebraically. ^ 

0^^;This courae coders the' subject matter of Euclid V Elements. Books 
I-III, wth »mo freedom from bis methods and sequence. Prep. 4 Book I ' is 
licccpj^as an axiom. Preliminary prarti(;.l-work in geomotrv.will i^ most 
have been done before entrance upoq the course of tlio secondary school. .. 

The third and fourth years’- work, iii the liigh schools fs divided • 
mtb pass and honor actions. Practically nU pupils have to do some 
mathema^ica.1 wqrk in those, two years, 'but only those who have 
shown Bpewal aptitude for this study attempt the full course. Indeed 
^0 take, ofdt part of the pass course, hut all who desire leaving 
dertificatoh to.cthiht oa equivalent to tlio' matriculation examinatjpD 
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AUSTRALIA. 
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have tb satisfy, the examinora'^m one of the two pass mathematics t 
papers, an^ thus have to reach ascertain standard in al^bra, ge^me- 
’l? There are three' higher'papers set in mathe- 

inatics one devoted to geometry and trigonometry; another to 
algel)ra, coordinate geometry, and the elements of the diflferential 
.caleuJua; and the third fo mechanics. ' 

I The nature of tlie work in mathematics tested at the leavingV 
eertilicate examination is as follows: 

AlgebratlC ^ work in algebra distributed over the third and fourth yean 
inriudrt what may be described as “up to the binomial theorem, with a positive ' 
integral index.” dhterest and annuities are introduced after logarithms; and graphical 
■ illustrations of maxima and minima, etc., are given. ' The arithmetic course is sup- ! 

- posed to have been complc^tod in the first two yeare. » .* . 

The additional work for honors includes; CSonvergenice series; the binomial 
; .. thoorem with fractional or negative index ; the expbnentTal and the Jgjarithmic series 

It comprises a^course^jn cvwrdinate geometry of the stiaight lin^d circle, and a ' * 
shfirt introduction to thp differential calculus. Only differentiation of powere of x 
and simple algebraic expressions. need be attempted; theresi^lts are applied to the 
equations of tangpnts in coordinate geometry, to veloci^ and federation, and to the 

determination of important areas, surfaces, anfi volumes. 

• aeomftnf: The pa.ss work completes the usual element^ couree in geometry ' 
witl^ofit solid geometry. The additional work for honors is as follows: Modem geom^ 
4ry-including transversals; nine point circle; harmonic ranges and pencils; pole and 
I>'lar; similitude; and inversion. nSolid geometry— including fhe substance of Euclid’s 
KIcments, Book XI, 1-21, together with theoremsielatihglo the surfaces and volumes » 

• of the simifler .solid boflios. Geometric conics^including the more important 
pniperties of the parabola and the elTipse. . 

.Trigonometty: ?rhe pass work takes the pupils up to the solution of triangles Tlie 
honors work, .iq addition, includes a fuller treatment of the preceding, with circular 
. measure, De Moivr#a theorem, and certain^ypes of series. 

Mechanics: This subject is not divided info pass and honors. It comes as one of the * 
higher papers in mathrmatics. It is intended to bijpr/ceded and acepmpanied by 
cxporynental work. IndcMid, in many schools the coiirscf is under the/tirection of the 
science master. It includes usual elementary work in statics and djenamics, with 
elementary hydrostatics and atmospheric ^essiirc. • . 

V llNIVERSITJf OF MELDOUHNR. ^ * 

Iloro the schomo of pujilic oxaminatioas inrludos' the junior.and 
the senior examinations. The usual agfl for the junior is about 16 , 

* and for thd^miior about 18 * i • , * ' 

At'ontranco to tHo university a certain amounjt- of mathematics 
is recjuirod for all the faculties, except for those of law jfnd music. 

In arte— aathmetic, algebra and goomjytry; in arithme- 

tic, algebrfL geometry, and Trigonometry; in a^nce—^thmetic, 

^ algebra, and^ geometry,- The scope of the examinations in those sub- 
jects ^is very similar to that indicaTbd Above in connection with the ' 
iiitormodialu and loayjitg coTTiflba’teA. ' . . , ., V . 
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UNIVERSITY OP ADELAIDE. 


^ .Among tho public. oxaminationa in this university are, the junior 
and senior and a higher examination. These examinations rover 

• much the ^mo grpiind as tho junior and soninr examinations in New 
South WaWS and Victoria, hut the programs (in mathematics at least) 

# do not include the work prescribed for honors. The requirements at 
entrance to the different faculties ^e as follows: Science and wedi- 
rinc— tl^senior examination must be passed in arithmetic, algebra, 
and geoniWy^ eiufineering — the senior examination must bo passed 
in arithrtietic and algebra, geometry, and trigonometry. 

Up to 1913 somb of the schools of Western Australia sent up their 
' pupils to the public examinations o'f tlio Univei*sity of\A(telai(fe, but 
with the foundation of ^tho- Univei^jity of Western Australia tliis 
practice has beon.discontiiuied. ^ 

.UNIVERSITY op QUEENSLAND. >* . ' , 

Vntil tho year- 1010 the secondary schools of .Queensland usually 
^ sent up their pupils for thi) public examinations of tho University of 
Sydney. The pubbe examination system has now been a<lopt<fi by 
the new University of Queensland. * The mathematical programs for 
its junior and senior examinations are practically the same as those 
in Sydney. ^ * 

UNIVERSITY OF TASMANIA. 

The scheme of public examinations incluiles a junior and. .senior 
examination somowdiat like the corresponding examinations in Syd- 
ney. The scope of these examinations as regards mathematics lias, 
however, been much n^owor. A beginning of better things was 
mmUi with the foundation of two State secondary schools in 1913. 
The education department propo.se.s, wif,h the a.ssistaiice of dcqiart- 
montal oflicers, secondary school teachers, and repre.s(mtatives <if tho 
university, to frame a four-year curriculum on lines similar to that 
adopted in New South Wales, and it lidpes to gcit the university/ 
authorities to recognize it. 

V- It TRAININQ.OF TEACHERS. 

For teachers in the secondary schools — public or private— a ilni- 
vorsity degree 1ms been in tho past, and, still remains, an almost 
indispensable qualification. It is in all cases recognised to lie 
sirable, and in some cases iii^^istod upon by tho rot^latious fUr regis- 
. tration, that special trainirig^in the theory and practice of education 
bo included in* addition to the w6rk of tho regular university curricu- 
lum in arts-oLscionco. Further, in at least one State a fair nilmber 
of traveling scholarships, enable the best of the candidates for the 
teaching profession to onjoy a year or more in Europe dr Amoriba 
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at the chief inatitutionS for the. training of teachers, or in special . 
study at the universities. • 

It r^tfins to>describ€r the work.of the teachers’ colleges and to 
give indications of the courses in' mathematics at the universities 
which have been available for the future secondary school tcacheis. 
For this purpu.ao it will bo convenient to take the different States 
soparatoly. # 

• NEW SOUTH WALES. 


The Tochers’ Training College iii Sydney was founded in '1906 > for 
the -training of State school letichors and 5i|^rs who might desire to 
take advantage of the combos on instruction given therein. The 
college provides a variety of courses of fining, varying in length- 
fmm si.\ ndonths to four years.’ The ordfinaiy college course is the 
two years’ course,* which qualifies for teaching in the classes of the 
primary school. F or entrance to tlio regular college course tSeleaving 
certificate of its equivalent is soon to bo required. For the present 
it has been found desirable to admit studeftts hsving received only 
the intepnediate certificate granted by the high school at the end of 
two years of study. 


The regular students of the college who have reached the standard 
of the matriculation examination in the faculties of arts or science 
are encouraged to attend the university classes, instead of those at 
tlie college, in the subjects of tlicir course. They are admitted to 
these classes without fees. Those who do sJlisfactory work at the 

■The erecllopot. new biUldlngtor Ihecollete-turomrocnced In llllon land provided by Ui. Unlv^ty 

h U that It ahould provide Inlning lot private a«»ndary wd 

pnmary schools, as well as for S^lc service. »uu 

Six months, 7£ lOs . one, two, three, or four year courses, 1S£ per annum for (hose lakiofr both een>ral 

Every student of the first year mii.si take the following mathemafical olussos* • '' 

".k"‘ ono hour perVeek-of each term la given l« > 

tee method of l«,hlng the siil.iecl. Amongst olhen the lollowlag topirs an' disemsed; Rriel histericnl 
review: reasoiis lor leeching arllhnietic present tendencies: reel applied probleni m'ovemenf natiinand 
f^ol problems: use and limiiaiioii ol ol^cllve material: placeof oral and written work In tlio variou* 
classm, toplrol-splral UMtnient, vamuiMi#thods of teaching aectloiia of anihnietic, the beginninea of 
number work: plan and purpose of mc.chanlcal work: teacbingol processes: the primary school Curriculum 

tee wTLMK cu^ir'"!'*^'' Efjptl^n geometry: CIreekgeomatry- 

the workol hiiclld: the reform movemiri^ tee toachlQg of geometry: tee proseiilaltiiiido towar^hes^ 

1^‘ ^* "*!“'* “"I P'“'*®f’'*''"‘‘‘on.iixioin,p.«tulate. proof: experimental and deraonstratloqal geom- 

elry tee relation of aoUd and plane geometry: coUgnience: similarity, and homology of llgures and*ihelr 
appheaUoDs; extension in trigonometry. * 

^ short course In solid gconieiry. 

Alg^o.-Thoae loplea In elementary algebra which require special ireatment In claaa teaehini are die. 
cus^. the following; RolaUon of algebra to srithmeUc; Uleral antemotlo, formula* froiwarltb- 

proMonh by means of equallons: fectois and teeir appUcpUoos: 'indict, logarithm^ calculationa with 
use of logarithm tables and slide rate; IrraUonab. numerical .vtluaUons, using lables; rauo, pronortten ^ 
«PPllenllon;gioUon of a function: graitetcal representaUon of ten variatlou ot^^ 
tlw, discussion of roots of equations, maximum and minimum valuesirom graphs ’ 

ar.^u!!::z:^i:;rni:rg!:te2::fd‘Lte:^^ 

*.?***’ common use for measuring angles; sine, cosine, Und tangent of acute 

ttglMj|readiiig iIjm and tangout tables; solution of nghtrangled.Uiangles; use of four-flgun tables; exteo- 
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university in their first two years have their college scholarships con- 
tinue, so as to enable them to graduate in arts or science. The staffs 
' of the high schools are chiefly recruited from students of the Teachers* 
College who have graduated at the university in this way. 

^In additioy to these courses, a one-year course is provided at the 
college for graduates of the university who have not entered upon the 
course of training in the regular way. This class is dxciusively pro- 
fessional and qualifies for the second-class certificate of the Dtpart- 
ment of Education. 

Further,* special provisiori • is made for training of teachers for 
sea^ndary schools. Graduate students of the college take the 
^ courses required for the university diplopias ihjgidueation* or similar 
courses at the college itself. Candidato-s for this dipfoma must 
have graduated in arts or science before\ admission to the course. 
The special work for the diploma can bo completed in one year l)v 
those wjio are able to* devote their whole time to it. The require- 
ments of the course are as follows: 

' Lecture work: 

I. A first course in philosophy of education. 

II. A higher course in education. • * 

HI. A course in principles of teacJiing. * . . * 

IV. A course in school hygiene. 

Practice work: ♦ 


I. Continuous practice — from S-lO hours per week. 

II. Observation ajid discussion of lessons— from 2-4 hours per week. 

In the course on principles of teaching, some instruction in the 
methods^ of teaching mathematics is given by one of -the lecturers 
in mathpQiatics, . ^ 


"^rMtice schools for prirriary and secondary work are associated 
with college. The princii>al is also professor of odpeation at the 

•ton ot deOn^iis ot sine, cosine, and langent to angles between to* and 180*: lelations between sides and 
angles of a tUangle; aica of triangle; noUon of triangulaUon and appUcaUon to simple survevs- heiehl. 
, and distanoes in more (ban one plane. . • a 

Th« nuitbcmaUcal work in tbeVccood year is optional. Tb« program for tbe class Includes algebra, 
lilgonoraelry, coordinate geometry, mechaiflcs, taflnitesimal calculus, and hislory and method of eletnen- 
^ tary and secondary school mathematics. 

Throughout ihe academic work tbe professtonal aspect is kept prominently in viq w. 

Afgeftro.— Ratio, priSj^rtion,. vtriaUon, the progressions (arithmetic, geometric, harmonic), permuta- 
tions and combinations,'itAthemaUcal tnducUon, binomial theorem. 

Trlgonomefry.— QonUnuatioo of flrst-ycar course, including angles of any magnitude, sin (A±B) cos 
^ ± B), tan < A ± B), sin A ± sin 1*. coeA ±cos B. Relations between sides and angles of a triangle, solution 
of triangles, heights and distances, circular meuure, De Molvre's theorem, simple irigonomotric series 
jBinfiniUtimaleaieuiut.-A course oa the processes and appbeationS of tbe differential and integral calculus 
Grapblt^ methods are freely used where advantageous. The cour^ lA designed parUcularly to comDlete 
tbe work in georaetiy, mechanics, and trigonometry. ’ . ■ 

M e^nits.-^The aim of the course is to teach the fundamental mechanical principles. Simple courses 6t 
CKperimntt iUustrating tbe following: Composition and resolution of forces; principle of. levers; pulleys, 
inclined plane; friction; motion of falUng bodies; circular moUop; principle of Archimedes; hydrauUc 
press and pump; atmospheric pressure; easy prtotlcsl calculations irithln this range 
RMdhv ^Studenta do direct^ reading of xuthemUcal works in the college library, as weU as in the 
?****^^ ^foehintfo/MathfmnUeiin tke EimeiUarf and the ate<mdarp SehooU: 

Fink, HUtvjn ^ Maikmoficr, translated by fieman and Smith. ♦ 
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univetBity, and the work of the Allege is carried on in cooperation 
with the university, 80 far as possible. 

Let us now take note.of the university mathematical courses, whicK - 
are open to our prospective high-school teaflieis in <»nn.ection with 
his course'. There are three classes — mathematics I, II, and III. ! 

Each is divided info three sections— class A, class B, and class C. - 

Candidates for the degree of B. A. or B. Sc. with honors attend the ‘ 
honors section (class A) in each year, but it is possible^o reach the 
lowest grade of honors by spociaUy good work in the soc^ section 

(class B) in the throe years. The programs for class A arVas foliows: 

Mathematic* / (first year): ’AlKebra, geometry, trigonometry, statips and dynamics 
analjrUc geometry of two dimensions, and t^e elements of the calculus. Those who 
enter it are expected to havg previously completed the mathemaUcal work required 
for honors in the senior public examination or an equivalent course. The dare ia 
attended' by studorits in arte, science, and engineering. 

Mathematic* II (second year): The infiniteamal calculus, differential «quations " 
spherical trigonometry, apalytic statics, dynamics of a particle, and elementary rigid 
dynamics. . The class is attended by the best students of Mathemtftics I when they 
proceed to their second year. ' , » ■ “ 

.WotAcmtifj ///(third year): Anklytiegeometry of three dimensions, rigid dynamics 

higher analysis, and some applied mathematical subject, e. g., hydrodynamic*, sound ' 
the theory; of electricity and magnetiam. ’ ’ 

In addition to those coureos' a two-year course has recently been 
instituteil in the mathematics pf insurance, chie^fly* for actuarial 
students and others who desire instruction in the mathematics of ; . 
statistics. • ^ , 

• Since 1908 thp teacher’s promotion depends not only on the 
classification of ffis school as determined by average attendance, 
but also on the improvement of his qualifications. To qualify for a 
higher grade the teacher must pass a series of examinations, as well 
as show “the requisite degree of proficiency in practical work.” 


Salaries paid to Jngh-school teachers. 


Tearherf. * 

Men. 

Women. 

Pnodpal of— 

* Boyi* or Rlrb' Khool 

T- 

350- 450 
aoo- 400 
aoo- 300 
100- 228 

Jboa-£4oo 

.....4k....... 

300- 800 
180- 200 
144- 180 

Mixed school • * ***;•■» 

!! » de^rtmwnt 

'Aeslsteot'* 

‘"Jjuoior staff'*.; 


• • — — ■ — 
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Those preparing to become teachers jn the secondary schools of 
Victoria receive alinost all of their instruction at the university. 
Unper regulations n<iw in fored, every teacher in a secondary schodk 
must possess the university diploma in education or an equivalent • 
qualification. AIT candidates for that diploma must have passed 
through -at I«ast two years of some d^ee course^ and^must have a 





final year of spocid work vn, education, 'As (v^mattcr of fa^t, many of 
those working for the <liplbma';tttke their 6. A; or B. Sc. <legree before 
entering iiport the special coukc^i education for the diploma. 

Of the various groups of students entering the Teachers’ College 
at Melbourne only those takinji^tUo three yearijf-’CiJtrrs^ the sm- ^ 
ondary certificate are of intcfcst'td us. ’tWSc accepted for ihis 
. cla.ss must have passed the seniew public exan^nation or an equiva- 
lent c.xami nation. The number admitted to the chuss is limited to 15 
each year. Their course of t raining is the same ns t hat for the diploma 
.of education <at the university, with tlif addition of some special 
.subjects. The first two years are spent in regular attendance upon 
university classes in arts or, s< ience. Having parsed the first and 
second years’ examinations in arts and science, they are then admitted 
’to the special ,11 njversity courses in education for the diploma. The.se 
ciourses imrudo .lectures on the theory of education,' with special 
reference to the jpicthods of teaching the various subjects. The 
course in mathematics contains the following:. 


(i) Special inethnds of te^chiiiR .arilhmeiio. alRcbta, Rcomelry, and trigonometry, 

(ii) A'short hi.sfory of (>Iomenl;iry mathoinatics. • ^ 

(iii) General considorat ions.on the toarhinp of mathVmatios. 


Students are required further to tench 'l2h hours under supervision; 
to attend lessons given by meinbers^the eoUegc staff; lind also to 
criticize lessons. Part of this pracW is obtained in the primary 
schools’ and part in the ,speeiid .seco'ndary practicing school attached 
to the Ti'a’chcrs’ College, and in other schools. * 

There are about .'iO to-60, regular students of the college each }’car 
pr^aring for this diploma, and .in addition about the shine hiimber 
of finiversity students arc qualifying for it, in'order that, they may 
be enabled to take up woyk in. the secondary schools outside the con- 
.trol of the Department of Education. 

' The authorities of the coUegd are entitled to nominate six of those 
who distinguish themselves in this course for a further year’s work. 

At tho University |of Melbourne ‘courses in pure and applied 
matlicmatics are offorcll for each of the three years: 

Pure I. 'ra$»— The coureo is'analytical, ^ deals with the. elementary algebraic, 
trigonometric, exponential, logarithmic, and hyperboIic*functi6ns, with their gisphs 
and' derivatives; maxima and mminta; cleipcntary processes of integration; the. 
definite integfcl as tho limit of a sum. //onors—Algchra, trigonometry, elemeiitary 
analytic geometry of two dimensions, and elementary calculii.s. 

Applied I. /’<w*-^Elementary statics and- dynamics, with hydrostatics.’ Honor^^ 
A fuller treatment of tho subjects of the pass class with the elements of .viAor algebra. 

Ptire II. Pom— I n this course further work is done in plape analytic .geometry 
and..<!alculus, flbnor*— '^is class continues the work of I (honors) in plane analytic 
geometry and the calculus, and it begins analytic geometry pf three dimensions. ‘ 

Applied II. Pom— E lementary analytic stirtics and d.vnamics, with hydrostatics. 

fTonora— Analytic stotics, dynamies of a particle,’ elementary rigid dynamics and' 
hydroetatics. ’ . v 


I 


r AUSTRALIA. '13 

Pure III. ><iM-Solid' geometry and the calculiw, with diffe^ntm1 equationa. 
Ihnort-lD addition to the subjecta for II (honora): The functions of a complex 
vamdile, Founor’a aerie, and integrala, differential equationa and calculus of variations. 

Apphrd III. Fma— Analytic statics aq,d dynamics, the elements of the theories 
of is.tential, hydrodynamics, elasticity, and electricity, ifonors— More ’advanced 
work in these subjects. 

^ ^ AoUTH AUSTRALIA. 

1 ho following is nn outlino of the course of training for teachers in 
the schools of South Australia under the department of education in 
* Adelhidc: ^ • ’j. 

1. At the age of 14 the future toachors enter the Ad.jjaido, high ' 
si hool. They remain there for three years arid receive a genenU 
education. At the end of this period the majority will have passed 
the .senior public e.xaminniion in the University of Adelaide; practf- 
ciilly every student passes in arithmetic and algebra; a largo number ' 
pass also in geometry and in trigonometry. 

2. The students hi trahiing now becomp “junior teachers,'’ and ' 
.spend one to two years in primary schools, devolin'g practically all 
their tiinc.to their 'teaching work. • • 

Thereafter they enter the Teachers’ Traniuig College. Hero - 
the students attend university ehusses m various subjects, a certain ' 
amount of free.doih of selection bouijg^pennitted. *About 20 per cent 
ta^ko up what is caUod .first-year pure mathematics, an elementary ‘ 
• class at about the standard of the liighor puliUc examhiation hi 
algebra, geometry, and trigonometry. , 

also attend several trahihig college lectures, among 
these’TOhig a course hi the prhiciples of .toachhig. Tliis coiiiso deals 
witli the methods of teachihg' the prhnary school. sijhjecUs; about • 

It) out of a total of 80 hours are devoted to arithmetic. They also 
sp^l one morning per week at actual teaching in the primary schools. 

Those who have shown special ability both as students and teachers ■ 
are |icmiittcil to rein a in a sccoad year, or even a third year, at the 
university. These students invariably take up a certahi amount of 
. mathematics, usually attending second-year pure mathematics, , as 
they will in most cases have already taken the first class. Some ilso 
take the elementary applied mathematics class. It is not uncommon 
for mathoniatics, physics, arid chemistry .to form the bulk of their 
work. ’ » - . 

Such studon^ have practice as before; Rise weekly discussions on 
the methods of teaching. Five of these discussioris out of a total-of 
‘ twonty-fi^e deal with elementary mathematics. Tlie majority of 
those students become high-school teachers. 

The matilematical courses offered in the University of Adelaide are 
I very similar to those of the universities of Sydney and Melbourne. 
Horace Lamb and W. H* Bragg were dor many years professors in 
this university! • • . • 
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QUEENSLAND. 


Queensland does not yot possess any special collecoior the training 
of teachers. In the “Rrammar schools” the staff consists principallv 
of un.vorsity graduates. The, high school? also aim at inukitig a 
diversity degree an , almost indispensable qualification for their 
teachers, y * ^ 

The University of Qucemlnnd, which was fouixiod at Brisbime in 
190q and .formally opened in 1911, has an important sphero’of inlliK 
en^, aud the same general s<>»ieme of mathematical instniction us in 

other State* of. the (Jommojiwealth is in vogue. * 

f ■■ TASMANIA. 

I^der the scheme for trnining,of teachecs which is being int roduced 
^in Tasmania candidates pu-ss the sonidr.^ public 'exahiifiatiop and 
matnculaio at the university. The ne.n year is sp<;nt iii teacl.ing 
m sefoc^a schools. Thcroaflor tlicy enter the training college at' 
Hobart, the mmimum ago at ontrwice being 18 years, lliov atfend 
university closes* for two or threo.rycar^. All receive professioifcl 
training at the -coUo^ty. *. * 

’Mathematical couraes abthe university aro similar to those alriMidv 
described. ^ 

WESTERN AUSTRALIA. ' 

The organization hero being’ In its infancy, tlicro is nothing of 
exceptional interest to record. \ . 


The urtivorsitics of AusUrnlin nro staffed by British professors and 
thus tho mathematical work of the country is fashioned in confo^.itv , 
with much^rtjo same ideals as those held in the motherland. 

.BIBLIor.RAiMIV. 

H. 8. CARSI,AW, nr Teaching of Unthemalic, in Auefra/ia. Repnrt prccntcl to the 
In th.Alx.Te sketch 1 h,,. mnn, times qooUxI Terlxitlmfro, Prol..(lm,iAw-,iBnst re.d.ble tepori 

*■ w'^a! Sydney, 

“Education," pii. 213-274. 

Kept, ol U. S. Commifl. Edtic., 191.V16, Vol. 1. Waabhigton. 1916. ' 

.. "EducaMon in Australia," pp. 6/1-059. — ' , 

^ Two other recent . pubUcaUoD. contain considerable information abort the univer- 

(1) Universitiet in the Overteat Dgmmiont, Board of Education, Sodcial RfiDnrt.«n 
Educabonal Subjects, vol. 25. London, 1912, pp. 116-171. 196-198 Lb-269*^ ^ 
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Austria is noarly-1 16,000 square nvilos in extent, and its po]i?u]ation 
totals in the vieinity of 20,000,000. Of these, about 10,000,000 are 
(K*nnans; nearly 6.500,000 are ]h>liemians, Moravians, and Slovaks; 
at least 5,000,0()‘0 are Poles; and some 3, 5(10,000 are Ruthomans. 

* . Jhe minister of pid>lic instruction is at the head of the Austriatv 
edurationa] system. He luis inspectors of secondary schools in each ^ 
of the 14 Provinces of the Kmpire and certain matters of adminis- 
tration are a.ssiijned to local hoards. C^hurch and private schools are / 

subject to the same regulations as those of the State. 

' ' ' 

i • ..SECONDARY SCHOOLS. * ' , 

Before 1 p08 tliere were three greneml types of middle nr seyohdary 
schools: (1) The Gymniusium, (‘^) ,t1m Realschule, and (3) the four-’ 
year Realjrvnnpasium, the courses of study in all of whic^i Were based ' 
nj>on four years of work in the primary schools. The first two of 
* those types are still tlie most |)rominent. The miJinal ago of the 
puj)il comjnencing.sec(>n(lary education about l(j years. 

» The complete Gymnasium provides for'a course of eight yeare' 
study, divided, into two parts of four .years each. The first part is 
referred to as (he U;iterg>nnna.sium; the latter as the Ob(?^ymnasium. 

The course of. r^ludy is clmracterizecPhy the great cmphiisis laid on 
instruction in Latin, Greek, and Goiinan. In .pa.ssihg from one class 
to another the pupils undergo very Scanning eccamination. This is^ 

. characteristic of all the Au:>trjan secondary schools. 

The seven years’ •course of tV' KeaJsehuIe consists of two- cycles of 
tluee ajid four years each, eorresj)onding to programs of the Untor- 

• rejjlschule and OherreAlachule, Here the emphasis is laid on modern ^ 
languages (Latin and Greek arc not la^ught at all), mathematics, 

^ phj^ies, chemistry, etc.; that is^ on those-subjccts which are designed 
" impart techniertf knowledge and afford suitable training to those 
. intending to follow industrial pursuits. ^ . 

As a r^ult of a ministerial dWco in 1*908, the establishment of 
Realgymnasiert and Kofonn-reolgynmasicn, each with an eight-year 
^course, was also authorized But, in what follows, the Gymnasium 
j.*an^ Realschule* only wHl he treated as Representative of Austria's • 
best aecondany schools.* * • 


5 * In 1915-16 thore were 3M Gymoaslon; of various fur|is. for boys oad 148 Jtealschuicn. 
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The mihiber of h<)urs jht. week devotetl to class work iii hmthe- 
^ niatics (M.), ^t'oinetrie drawing, and descriptive |;eonietrv (*.)*in 
these typ('s of scliMoIs, is exliil)it*»d in fla*. following tablet ^ 



Tlie total uumbcir of hours in tliese su^ex'ts represrtpnts about 14 V 
per cent of tdJ class periods in the (Jymnasiuni and about 16.5 per 
cent of those in the KoalscbuJe/ 

In elass(\s f-VIlI of the Cly.nmasium instrm-tion is j^iven, accordiia^ 
to the pro^rrain of 1000, in arithmetic, aiirebra. plane and solid 

plant' trigonoint'tr^^ plane analytic ^tsunetry, and elements if 
.calculus ^ 

To ffivo ft (lofinito idoii of tho miturc of the contents of these courses 

ft few selections from the projrrftm mny 1)0 niacje: . ^ 

ritut I': Kjiciision and rimipU'lioji of arilhinetic and.alccbrair atudica of (lie 
previous class. (Vmiimicf practice in solution ,.f c.)iia(inns of the tirat aegree arising 
from .till' manifold .-■•plicrc.s of thoiighl inovhich thc\- mav be appliiHl.'’ Practice in 
ixmcr-s aiid ns.t.s by straiglit(orward examples. Soft,/ ^co.mfry. -Oblique projections ' 
ortlic siniplc.st boflics fal.«. jjf crystalline forms). Plan and elevation of simple objects 
by ob.scrvaiioti and I'ommmi scn.se. Com-cptjfms and laws concerning the nmliial 
.relations of straight lines and pianos: Uniiiod to the fuiulanieDUl and typii-al prop««i- 
lions and prisifs with <xm.staut appeal to observation and intuition. Properties 
and calculations for .surface an.l volume of prisms (cylimlcra), pyramids (cones); the 
apliero, and their sections and portions when in aeclion. Euler’s theorem 
(S+r=K+2); regftlar polyh.Ktra. Obtrgymrmium— Class VI- Tngonomftry.— The 
trigonometric ratios, their geometric representation, eapci'ialiy for tho purpos, of 
giving a lirm grasp of the Vluracleristit's and rtdalinns of thi'se functions. Solution pf 
triangle^ *-R.-pealcd . 'inparison of trigonometric pn.jxwitions and ro<>t,hods with those 
of iilane and solid geometry. Varied appli. alious .of trigonometry hi problems in* 
snrvejing, geography, astronomy, efc., the ilaia where possible to be oblained.from 
direct seven though loughl nieasiircniciita by the pupil. (Toss VII; Algttra — 
Arilhmelio progressions (of tho first order),-' geometric progressions. Applicafton 
of tho last especially to compound interest. Permutations and combinaUons in sim- 
plest cases. Uinoinial • heorem'for positive integral exponent. Theory of probabilities 
Amlylie gtonulry\—Ke a conlintialion of the graphic roprestintation of single function* 
previousjy given, further u.s1* is made of the analytic method in dealing with lines 
of tho lirst and second degree with reference, when occasion offers, to the geometric’ 
Jreatment of the same figures and their rflations. Representation of dirccUon coefB- 
cienta (chicay those of the edrves dealt with in class) by means of deri vaU ves. Sinipio 
prohlcnu of differentiation in connection with pniblems in mathematics and physios. 
Approximale^soluUon of algebraic equations (arid of the simploat transcendental 
equations which occur) by graphic methods. • In Class K///the two hours a week are 


-> Drawtiv of solid faoJIte to show ssvmi facie, »te.,not In tra.’i«opi«ctt».,but irae-hand w»«utrucMX ’ 
scoordln* to v«ry simple rules. Cf. A. HttOer. Didsklli its mallurniisckm Onlmidas. p. a 07 . 


' » OrJJnary orUhmelic prbKrrasions w said to In* of the first orjer. 
1*4 call«d A. of hicht'r ordtrs. 


Series such as l*r3*+3>-4 
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*. • • ', ' ■*' ' • 
given up to, a compwhenNve recapitulation of iJie whok range *o{ (icliool mathomal ice, - 
^pt*cially equations, aolid gooinetry, trigonometr>*, tnd analytic geometry., 

Bnieder and deeper treatment-of particular^parta of the iubject.^ XpplicatioiM to 
the vanouB subjecte of the curriculum and.to practical life in place of merely fo^ ' 
oxcrciftofl. Rctroepoctive and prtiepcctive cvinsideratipn from hist ori<^ . and philo- 
^ sophjeal pomts cf view, • , . . 

I'or Roabchulo the work is very similar. Thoro is the saiuo 
flT.irt (0 corrolato mathcinaties with other branchos of ihatructioii on 
which it Happens to bearaiul with practictil applications in actual life. 

Though seatrhing oxHiuinatioiis of ‘ orientation” oju} “classiflca- 
lioii have been the portion pf students of the Gvnuiaaiuni and 
Rcidsohulo each yfcar, the final e.xiimuiations (Malurftiiteprufungon) 
lca<liirg to the certificate of nuiturity were foriuerHvr often Inuch 
fc...ed.' Some amelioration with respect to the. ox Unit of detail here 
n'(|iiinil was ma<h^ iuiperative by t lie decree of lt)08.'- 
• The main object of. these exAmuiTitioiis is to deterinino whether or 
not the maturity, grtieral efiiciency, and«developnu>iit of inteQigenco • 
oiijthe part of the caiulhlatoi'is sufficient to' allow him to take up' 
studies in the universities or higher tenuiwal schools. Whilst the 
o.xaminatioiisfpr. 'ejassifieation'’ estiibliah in some measure the rating *' 
of a pupils acquisition witli refenyioe to' a certain part of the pro- 
gram taught, the ‘‘ Maturiliilspnifimg,” on llieroiher hand, cmlinvei’e 
tlie whole nuigeof kiiowlJdge ae<iuire<l by the pupil Hi th'e Gyimiasiura 
or Iloalschulo. ' , * , • 

. The examination consists of two parte, a WTittVin and iin oral. The 
former includes questions on the required languages, on niathematica, 
on exercises in descriptiyo geometry, and tests i'lv. facility with freo^. 
hand drawing. .The oral' examination id on geography, histoiy, 

niathematies, descriptive gi'onil'try, jiliysics, chemistry, and natural • 

history. * 

The ox^niinatj.on,coiniiiission pninoiinces it.s verdjet after .consid- 
eration of all the written ami oral exaniiimtions as well os of the ' 
grailes received by the candidate in tests dvrijig the last year .of bis 
course. When a Candida I iv f ails- he may jiri’SHit himself a second 
time at tho end of a semester or of a yearf but he may not repeat* 
the examination more; than twice. . ' , 

UNIVERSITIES AND PREPARATIOIf OF SECONDARY SCHOOL TEACHERS 

There are eight State universities in -Austria. The largest is tKe 
I niversity of Vienna (German), with over 10,000 students.’ The 
oldest, .dating back to tho fourteenth century, is tlife Gonnan-Boho- 

I C». r. WallmUo, muHUU/nien aut dtr UaOutaattk. Zum Otlmutlu ftT ik ahtrattn Oattn *r I 
OroHlMtm und RaalKkulm .tuaammtntaUIU. 10. Aona*e. Wien, C. Owoldsnhn. itu. 8+107 nn I 
A»/llamttn;i. Aaflecr, H08. 8+»l pp. , . , . . I 

* In th* suinmer of lOljf this numbcf was reduced to 3,473 ' • I 
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minn Tnivorsitv of l‘ro-u('. Tlicro are three (4hor (lerman univerej- 
at Unilz. Innsbruck, an«l Czerhowt?. ’ The Polish Universities 
are at Krakow ainf lAunlM^rg. • ' , . • ■ ♦ 

liustniciioir in ilio \iniversili«'s is imparted by hicans'of: I, .general 
courses;- II, s||(H iiil courses; and' HI, e,\ercises -in prosciiiinary and 
seminary. • ♦ . ■ ■ 


I, I'iic general courses are organized with a double aim: (1^ To' 
.fimnslrftmda mental the.«relicijl knowledge 'to those .studying luallie- 
imnics^in a purely scientific spirit and. prtijmsing to tVrmiitate tlieir 
siudics with the, do. torate ;.(•_>> to.‘ pju.'pare students destined ' for 
-sr-se.'...i.h.ry-s.;li.ml- teachers. Ks|HM ially in view ..of this second aim 
are. J he gnuieral . .airsi.'s nsiially ..^gnnized in cycles of three or fo.jr 
yvars, and each- year a course for Ijeginimrs is arranged tliyt they 
may bi- tjwjghl (lilf.Tcnlial an.l integral ci^ruhis as soon aa possible, 
since It IS ticc.ssary f'or,^the_s|-ufly of Ihcoriitical physics. 

^'hirnig^t.h.; liye y.-iire '0 .t.i l<mii 10 pnifessdrs at (1) the 
t nj\ ensify of ,\ ienn^^md ’(-X tJie (icrniaii section Vif .the I’niversitv 
of Prague gave the fdltowing generfd coursts; ' ' 

.' (0 iliire^jjiiial and integral calcuhis, 5 hmirs weekly during2senies- 
ters; theory of'iiiiiuhers.r) hours iluring.2 sem.stors; tiieory;of dilTeren- 
■tiiile.piations. hours .Iiiriiig 2 semesters; cahuliis of jirolmbilitics, 3 
• hours; didimte int.-grals and cah iiliis' of varialions. 5 hourti during a 
sonie.si.>r; theory of linear difl'erential equations. .■> hours; eUipiic 
funrtioiis. 5 hours; theory of ium'tioiis., .''i hours during 2 se i esters; 

, alg.‘bra, 5 hours .luring 2 seiii.st.ers; analyti.- gtf.iniet.ry, 4 h.>urs dur- 
ing 2 seniest.'rs; tlie.iry of ii)variants with goonietri.’ applicati.ins, 2 
. h.mts: .nlgebriii.- .urves; 2 hours; curves and surfa.es .ifthe third 
or.lcr, 2 hours; synthetic geometry, 1 hours during 2 semesters; dif- 
.f.'rciitial g.-oimd ry. 2 biairs .luring « 8eiiii>stors; line, gcmietiy, 2 
h.ans; contimmus gnaiiTs. 2 li.iurs; n.ineucli.loan ge.initnry, 2 h.iurs; 
insurau.r mathemati. s, 16 h.airs .luring 2 id'mestcrs; matheinaticid 
statist i< s. ;i hours; si.'kn.ss.an.l ac-i.lent insurance, ^hours. 

(2) .\p()li< arrr.iis »f hilinit.'sfmnl Val.culus to geometry, 3-4, hours; 
theory .,f iiivariaiils. 2 li.airs; .liffereniinl and integral calculus, 
hours. .Inriiig 2 seiiie.sti>rs; systems' of algebraic equati.ins, 1 hour; 
.liffereiitiiil .>.iiinti..nsi 5 Imyrs; intreducti.m' to calculus of varia- 
ti.uis, I Iiour; fiin.buiiental imti.ms of analysis, i b"Mr8;'analytic. 
gtHiiiietry, 3 Imuis tlm.iugh 3 semesters; elements of the theory ..f 
functi.ins. 3 li.aire; elements . .f the the.iry of numbera, 2 hours; alge- 
braic e(|iinti.uis, 4 h.iurs; iiitrodueti.in to descriptive gooinetfy; 2 
houra; charii. t^risli.- featu>s of infiiiitesiiual^al.-.ulus, 3 houre d’ur- 
ing 2 aomesters ; tliciry .if |^.>ups and algebraic equations, 2 houre; 
selected fhaptere .if amdytic geomotry, 2 hours; vector analysis, 2 ‘ 
h.iurs ;wli(T«‘i^itiiU e.|UHli.>ns, 3-5 houre; contact transformations, 2 
houre.; theory of Irunsfurmati.ins)'. 5 luiurs. An ^equally elaborate 
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writs of courses 18 offerod in the Bohehiian serf i.m of the I’nivcrsilv 
of Prague; k. j \ N 

Matheiiifftical itisl ruction in Austria is. nun h haii.iicappod hy 
fc«.soii of the fact tliat the fni-ultics of the universities are so sparsely 
, 8 talT<;d with pn>fcss(»rsof pun'.aiul applie.l luatheinatics. liultM) 9 -l 6 , 
e.wept' at Vienna, no, university had niort' than two 8 uel^professore 
and’ojdy four had even otio f’rivatd.Kcnt. In ItVly and Kussin the 
mmiher of these profi^sors per university tyaira;;i's nearly Iwiee iw 
many iis in Ausfria; in h^aiice and (ierniany nearly one and one- 
h.’Jf tiincsi mt many. Indeed, at inieh of a^ore of universities in 
these four.cmmtrics there are more prof 4 >s.sors *of nuithematies tliAn 
even at the I'niversity of Vienna. ,, ;; 

In a menii>rial pre.sente<hi.n I»tlS to ^e iiiinister of pnlilie iirstnie- 
tiofi and Jinanee on hchalf of the fm ullic^s of phih^opliy in AmStniTli. 
univer^uties tlie following luirinhl profirnni ut^atlie'nnuieal study at 
a-university for le eumllduto as a teaeher in a (i^nnasium waa 
outlined; ' 


/ 


Fv$l yiy.-lnttodurtion to mathoinaliral linalvsis an.t to Ui(Ten>t.li«l <-a|, uI,» 
rieiuei.lii of inp^ral cl, ulus with oxerei^y.' ,S hni.r, IiflOKlu, li.u, i„ 

_tr\ . first priiiei],Itw ot^analytir aii<l ^yathtuiv 'piHune.lrv, with oxiti 3 hnurs a 

week. A course of maiWmalief for sl,i.lei,i.« .4 ploMis aa.l . li. im.iry’ k h..„n. a 
' - .... 

Stmtid yeor - InUijfwl rat. uli« and fityt i,rin. i|d,>s of the ih.xtrv ot of 

omiplex variable*, will, exereiwx.. .S houra a w.Vk. Aaalvtie and differvnii.,| coo.ae. 
.try. with exee ieee. 5 hours a week. Prinei^al pe.,«.rii.». of aleel.rai,- etjualioaa and 
eleinents of the theory of numbers, with exercises, 3 houra a mx'k, 

Tkird./oufH, and /a/er .ve>r*, -Higher rourwe on the tly|y^ di(Tere„ii«l e,,ualioiu 
Uie cleulivof variations, the theor)- of fuiu-tioiui. Oie theory of kfouim .d Irunsfornia- 
liona. on the princi]des of yrhhnwlir and of'iji'oiueiry. etc., al least 3 hours a we.>k 
Sdiiiiiaiy for nutberfaUi'al u.ialysia, 2 hour* a w*s!k . Semiiiarv tor (reomelrv hiiuiK 
>•- week. ' Seminary for the l«i«.ry of miiiil.er< and liislier aleel, 'pa; 2 hours a'wwk. 

•On this scheme thc’memoria] comments ns follows; • 

‘ Hut it ah.mld.b« omphos/>d ihat this |.rvr.im indi. al.w oMv ihal which i- «tw 
lulely tiec-asary loa future proterwiria in Cymmo-ien; if one widi.Hl to ohlaiif a liioro 
extended preparation, which it sbould.be the prinoipal aitu of the jmiversilv to fti^ 
nu>h, itwquldbo tieee^y to augment this pityrrain by u whole series of ixmnc in 
sjM'Cial fields of pure mathenuties and on diiTerenl branches of ap|ili<-.[ malhematitxf ' 
The pregrani indicted eorrosponds. then, only to^ miniiiiiiiii. ..Now. U,e exei-is 
tion of nirb a program ie.|uirce at least ihrn- prof.wors, and furdier. this number will 
only ^IBce it earh of two of the three idiairs Koa an aieistant at its d^H««l. The 
exerrues eorreeponding to elementary iniirses ought to be <)ire,-le<l by aniistanta 
under the control of^profesaon. For, in order that exercises be l^ulv profitable It ia 
I^f they bb individual, as has been the eaiJ- for a long time in'higher 
leehiucri srhools for all pracUcl branehoe and for dtw ripiivc gei/ii.eirjk ThaCik to 
say, It is^cot sufficient to work out »me example* on the bla^b<wrd in the claas-' 
room with one or more *tudents; rather i» it neeesmrv to lavAadorc the studenteSi 
wlecfioD of example* from which they then choo*e1►^rtlinp to'lheir penmiiat in-- 
ebitaUoiu some problerto to *oIvc under the guidance of llie proftvwor as<l awielant. 
hie peraonal activity, even to such a niiiior degree, is particulaj-.l) valuable for tlu> 
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On“rt ? **“ *<> dispiiy.ceruunty iixd fnthi&atm 

On the oAer hnnd, the. propoeed refdrra-' 6 t the teaching of maihemaiica^n tlfd aee.' 
ondary echoob demand* a suitable preparation of the professor. . 

Since of course the whole scheme of instruction in a country denenda fust nf .11 

^^ct»n m of ^pital importance for general instruction-the faculty of philosophy 

S mathematics in the bcuJty of philoeo 

Austnip university, one in each of the following fields: (a) Lr the 

• “If <*> for mathematical analysb; (c) for geomoti 

. As this memoriaJ did not bring about any uTaterial change i? the 
situation we remark, that in most Austrian univereities the oppor- 
tunities for scientific preparation of the professor bf matiiertatics 
m secondary schools are inadequate. < 

Kcnoral'course^hich may contribute to 
tlm trwning let-us next consi^ the spwial courses. There were 
nosp^ial coi^es giveif byPriyatdocenten in the German’ divisioniof 
_ the University of Pl-ague during the • five-year period referred) to 

SZd^l f n Vienna, however. PrivatdoceLi 

offered^e foUowung courses: Mathematical stSfistics, 3 hfes 
^ur^ 2 semestersj elliptic functions, ^ hours, during 2 semestore 
quateiTOons and other hypercomjjle.x number systems, 2 ifeurs 
theoretical anthmetic, 3 hours;, differential geometry, 2 houm 

theorv*nf/ ^ problem,' 2 hours; .elementary 

theory of factions, 3 hours,- during 2 semesters; functions of a single 

rhoyiIir-“?nfi ^ semestem; hypergeometric series, 

. 2 hours.^mfinite double senes, 2 houm; infinite groups, 2 hours- 
theory of numbers, 3 hours; fdlSndations of geometry, 2 hours' 
dunng 2 semesters;. finite discrete groups, 2 houwireview of more 
recent mathematical works, 2 hours; complex number systems, 2 
hours; selected chapters of higher algebra, 3 hours; calculus of 
vanations, 3 hours, during 2 semesters; theory of integral-trans- 

1 the principle of 
chiSs. ’ *"tegral equations, 3 hours; selected 

chaptera of theory of functions, 2 hours- analysis situs, 2 houm 

urmg 2 s^raters; Taylor’s scrias and its analytic extension, 2 hours’ 
synopsis of differential calculus with applications, 3 bourn; ge„2S’ 
theory of groups, 2 hours. > 6 “ 

these coumes offered at the Uhiveraity of Vienna is 
newl^ twice as large as the total of simUar Courses dffered at all 
Other Austn^ univereities during the same period. Tlio three 

SS of Krakow wei^e: Maihematice in , 

Poland at the end of the seventeenth century, 1 hour; Arabian 
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mathematical hour; history of mathematics in antiquity and the 
Middle Agee, 2. hours. * 

Special lectures on topics having more direct connection with the 
mathematical work i^ secondary schools are not numerous. Occ|ir 
sional courses on selected chapters of elenientary mathematics have 
been given by Prof. Zindler . at Innsbruck. Prof, von Stemeck 
claims that the two-hour year cojArse on elementary mathematics 
whic h he first offered, in 1909-10 and which was organised so as to be 
. given*Tf^ery third year at the University of Gratz, was the only 
regular course of this nature in an Austrian university. He tells us 
that he expoumled thoroi^ghly the law's governing positive integers; 
disbussed the introduction of negative integers in the usual way; 
treated rations! numbers in a purely abstract manner as number 
pairs; discussed in detail Can toPs theory of number se'q^uence and 
the related theory of irrational numbers, as well as the successive 
extensions of the idea .of * power. In order to discuss exaptly the 
Convergence of infinite series, especially the geometric,, the idea of 
r^ular sequence was also introduced. Rules governing operations 
on complex quantities defined in connection with^pairs of real quan- 
tities’w'ere-presented in detail and the connection with the n roots of 
unity mentioned. The foundations of geometry were not presented 
with the same completenesses to rigor. There the didactic points 
of view% fimt recommended by Borel and already employed by 
Suppantschitsch in his textbooks on geometry for the secondary 
schools, were developed, the questions of the . independence of the 
axioms being left entirely to one side. 

Spherical trigonometry is not taught in the Gymnasien, At most 
universities the fundamental formulae are derived in the lectures on 
analytic geometry of space; for example, at Krakow, Gratz^ and 
Innsbruck. More extended development occurs ib seminary exer- 
cises; for example, those of Gmeiner, at Innsbruck, and Mertens, at 
Vienna; the latter in his proseminary lectures on spherical trigo- 
nometry and considers the analogues on the sphere of such results as 
Feuerbach's theorem and Malfatti's problem. Otherwise, spherical 
trigonometry is developed in the lectures on astronoiny. 

Many persons feel strongly that regular lectures on descriptive 
geometry should be given at all Austrian universities,* but so far 
such courses have been, established at Gratz and Innsbruck bnly. 

III. At every Austrian university, in addition to the lectures, 
^there are mathematical 'seminary exercises which , allow of a certain 
amount of individual acti^ty on the part of the student as opposed 
to the compulsory receptive attitude in the lecture room. Each 
^'ordinwy'^ professor is supposed to conduct a section of such 

■ ^ ^ ^ . iJ. : ■ 

*Cf. E. IfOUer, «Anregwi*wi *ur Aiugostaltunf dci darBtellend-cebiii«triflch«i# UntenichU an tacb* 
nlschen Hoclucbulen und UnlTeralt&tan.V Jakre$heridU dir dtuuehtn liaikmZikir-Vertintfufig, Band 
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seminary exercises. These exercises are for botli beginners and 
advanced students. ' . 

The s'^tion for begihnors is referred to at the universities of Vieira 

ftague (Bohemian), and Czernowitz as proseminary. The number of 

hours per week devoted to all seminar exercises yaries from 2 at- 
Gratz and Innsbruck to 4 (2 liours prosemiiiary) at Czernowitz in the 
winter semester and 4 at Krakow; of the 3 hours a week at Vienna 
one Jiour is for the proseminary. ' 

Active participation of mcmhei's of the seminary in ito Oxer^ises is 
not generally compulsory. An exception lo this is in the section of 
the seminary conducted at Gratz by Prof. v. Dantscher, who 
require three students each ..semester to work on some topics, usually 
quite independent of subjects of lectures during that semester, for 
presentation before fellow stuilents. This gives the students in the 
semmary opportunity to learn, with the aid of the professors’ criti- 
cisins, how such matters should be treated, before the preparation 
of the required “Hausarbelt” in connection with the examination 
for secondary school teachers (LehraratsprQfqng). Examples of 
. themes of such required papers are as follows: Explanation of the 
convergence of an additive* aggregate of infinitely many rational 
numlMrs; examination of the connection between m functions of n 
vwable§ (Dini); the projective generation of space curves of the 
third order; discussion of double integrals. 

In most case-s the exercises are oral. Those for the proseminary 
have, majnly, direct connection with the current lectures. In the 
seminary the topics are chosen sometimes on the initiative of the 
, students and sometimes on the recommendation of the professor. As 
a general thing it has been found that about pne-half of those who 
,r^arly attend seminary exercises participate ui its discussions. 

..value of such participation is generally reco^iizod, and Prof v 
Dantscher has proposed that it should be required, during two 
semesters at least, for all candidates as teachers in secondary schools 
just as exercises in experimental physics are required. 

EraimnaHons.—Tho present decrees regarding the preparation 
of secondary school teachers were promulgated in 1911. These re- 
quire that candidates shall pass two examinations: (1) A preliminary 
lamination on philosophy and-pedagogy; (2) the LehramtsprQfung. 
While more or less preparation for these examinations is provided at 
the universities, the examinations are not conducted by the. univer- 
sities, but by State examination commissions whose members are 
howdvtir, mostly university profeasors. . ’ 

■ , (1) In the preliminary examination the candidate must show that ‘ 

. he Has acquired the knowledge of philo.sophy and podagoCT;^>asential 
’ for eve^ teacher. This knowledge should enibrace the main ideas 
land {innciplos of the theoiy of education and ii^ruction and their 
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theoretical fourdations in psychology and logic, as well as general 
survey notions of the principal periods of the history of higher 
, education since the sixteenth century. , ^ 

Tlic candidate is not admitted to this examination ~Ceforo file end 
of the fifth semester. In preparation for it ho is recommended to 
take a four-hour course of lectures in pedagogy, a' four-hour course in 
plulosophy (especially psychology), and^when possible, courses in 
school hygiene and in the 'methodology of his special aubjccts -T%> 
is also strongly recommended to take part in seminary exertises in 
pedagogy and in his special subjects. 

Ilpi examjiiatibn is vionducted by the professors in philosophy artd 
pedagogy undefs-tho guidance of the director of the examination 
commission, or of his deputy, and lasts about* half an hour. The 
comnussion gives the candidate a certificate a.s to the results od the ’ 
e.xamination. If a candidate is not admitted to the' examination 
on account of inadequate preparation, he is not allowed to present 
himself for exammation agam until another semester has elapsed. ' 

A certificate that he has pa^hd tJie' preliminary examination -must 
l)p presented to the commission Vith the application for admission 
» to the Leliramtsprufmip. 

(2) The time required, as_ student -in a university, in preparation 
for the Lehraint^rufiing is aliout thrce.and one-half or four years 
and the examination is tlie same whether the candidate is later to be ' 
a loncher in the G^-mnasiurn or in the Rcadschulo; 

The examination is oh subjerts grouped’in a certain way. Those 
.groups which involve mathematics are: 

. («) Mathematics and physics as majors. ' 

(6) •r>cscriptive geometry and mathematics as majors. 

(c) Natural historjr as major, mathematics and physics as minors. 

' (rf) Natural history as major, mathematics and geoiuetricnl draw- 
in^ as minors. - * 

(c) Philosophy and mathematics as majors and physics as minor. 

(/) Chemistry as major with-mathomatics and' physics as minors 
Form^matics wi major the official requirements: arc: Knowledge of 
“general arithmetic,” of the foundation of higher algebra and theory 
of numbers and their significance for elementary mathematics; elc^ 
mentary geometry, synthetic and analytic geometry, of the plmie . ' 

and of space; fbuiidatio^is of dcscriptivq gepmetry;, differential and 
intcgrd calculus a^nd its applications to geometry, the elements of 
the calculus of variations; familiarity with the foundations of modem 

4 theory of functions; ahd nc^uain^icflf with the principal rdsults of . 
the investigations conceding the foundations of mathematics. 

For maikefnatica as mirw: Khowlcdgd of elementary" arithmetic • 
insight into- the structure of the field of real numbers' and into oper- 
aliThis with them; knowledge of elementary geometry to the extent 
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of what is taught in secondary schools, and exercises in space percep- 
tions; accuracy ajid speed in the solution of simple examples applying 
the idea of a function and the elements of differential and mtcgral 
calculus to functions coming up in secondary school wort. 

For (a) descriptive geometry and (6) geometrical drawirig: {a) 
Thorough founding in orthogonal, oblique, and central methods of 
projection including axonometry, knowledge of relief perspective, of 
the most important map projections, especially of stereographic' pror 
jection and of cyclography. Familiarity with the constructions 
relating to curved lines (especially curves of the second order, space 
curv'os of the third and fourth order and helices) and curved surfaces 
(chiefly surfaces of the second order, surfaces of revolutions, helicoidal, 
ruled and envelope surfaces, particularly in lighting-constructions)! 
Acquaintance with some supplications of dcscrfptive ogeometry (as 
^nstnifction of sundials, roof trusses, sections of stone (stereo tom v)). 
Knowledge of projective and infinitesimal geometry in so far as 
these subjects are necessary in the applications of descriptive geom- 
etry, Exactness and. facility in constructive drawing. 

(6) Elements of descriptive geometry to the extent of the program 
of Realschulen. Axonometric representations. Elements of shad- 
^ ows and linear perspective; the geometrical construction of, and by 
means of, polygons and the most important plane curvcs,.espccially 
' the* conic sections. TSxactness^and facility in constructive drawing. 

; Each examination comprises three parts: The Hausarheiten (theses), 
the written examinations, and the oral examinations, 

' To prepare each of the theses the candidate j)as throe months. 
Th^ theses ne(‘<h not necessarily show capacity for discovery on the 
part of the candidate, but «tliey must indicah^ thorough familiarity 
with the literature and ^.ontent If the subjects. In connection with 
a very large subject a general presentation bf the outstanding results 
raay'l)(‘ permissible. .Vgain, certain illustrations of a theory may be 
worked out. The character of the topics is shown by the following 
selection of thenu^s of theses in recent years. (None of thes(‘ sub- 
jects were discussed in the lectu*res at universities whdro they were 
, assigned.) ^ - 


(a) For major: : ^ 

The theory of Fourier's series. 

Theciapperimetric problem. 

Systematic presentatioD of the proofs of the fundamental theorem of algebra. 
Qn Abel’s equation. ♦ 

Th^ta functions and their applications in the theory of surfac& of the fourth ' 
Older. • ✓ , 



^ Historical presentation of the progress in the theory of algebraic equations (in 
its leading features). . | 

Triply orthogonal systems of surfaces. 

Transcendental mlmbers, especially^ and ». 

Jacobi’s functional determinants and||heir most impoAont applications. . 
Method oi derivation of large prime nwbers. 
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(d) For major — Continued. 

The senea for tanj; and seczand the most impdftant oroperties of their 
coefficients. 

The significance of v in the calculus of probabilities and theory of errors. 

Focal properties of surfaces of tlic second degree. 

Algebraic treatment of the 27 lines on a surface of the third order. ’ 

Reye’s complex. ‘ , 

Rational space curves of the fourth order. ' 

Study of the representation by f ^ > ^ — 

1 ? • • ' (z—b) (z^cj 

(b) For imnor: • « / v / \ / 

Solution of equations of tlie third and fourth degree. 

Properties of the nine-point circle. 

Theorems of Pascal and Brianchon anc! their proof in the case Qf the circle. 

The general term of the Lam4 series and the proposition \vith regard to the * 
greatest common diy^or of two expressions,* 

EFementar.v gcomrtric treatment oftlw problem of lingAcieapf Apolloniiia. 

A presentation of pages Cj-G of Girard’s Invention nowellt en I'a/gitre (1629) 

. in modern mathematical phraseology and notation. ' % 

The determination of the 15 Archi^pedoan solids in terms. of the radius of tba 
circumscribed sphere. • . » - 

Weierstraas’s theory of irrationahnijfnibers. 

■ . The theorems of Fermat ami Wilson. 

In connection with tho written and oral o.tamination.s, quastions' 
arc usually asked on tho theory of symm<!tric fujictions, tho algebraic 
solution of equations of tho first to the fourth dogroos, and bdltor 
canijidatos may also bo quesUoiiod on' tlio olomonts of tha theory of 
groups and on tho proof of tho impossiliility of tho algobraic solution 
of equations of dogre* higher tltaii tho fourth. Questions on the ’V^ 
calculus of variations aro. usually omitted. In general, clarity^)! 
perception and certainty in hundliiig fumlamental theorems are 
valued more-than tho extent of minute knowledge. ’ . 

In tho written e.\aininntion|thero is alscT opportunity to indieme 
ability to apply theoretic knowledge to practical problems. Further 
the examinations pay special attention to the subjects of the ^u- 
dents' university Iccturhs and scininiiry exercisfes. The ''writtcii 
examination for a.nyijor lasts eight hour.s, two sos.sions of four hours 
on the'samc'day;Tof a minor four.liours are allowed. 

In 1908-1910, 241 persons passed the professorship examination' 
with mathematics and physics as majors; 89 at Vienna, 80 at Prague’ 

^ Czemowitz, etc., only 1.^ ’ ^ . 

^ Comparativcl^w studqpts in Austria proceed' to the doctorate m 
' mathematics— loss than 50 in the last 45 years. Half of these were 
at Viennal, ’ 

In the exatoinations of candidates with mathtoatics as a minor 

t hat is, of those who may expect to becomd t(4chers in the lower 

>• *"»•.»• >>« Dombr. dM divisions dans la roehsrehs du pto 
# *“ Camvu, Hmdae, 1844, loma l», pp. ' 

*■ oS 
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matliomatical classes of the middle schools — the groimd covered *ig 
usually that of the MaturitatsprQfung. . Sumo examiners also 
•demand spherical trigonometry artd such thin^ ^ the solution 6f 
air equation of the third degree or lay special emphasis on the dovel- 
opmont of the power of space perception. 

It is felt very strongly by-tsomo Austrian educators Xhat the low«r 
standanl for teachers in the Untorgymnnsien and tJnterrealschulon 
is decidedly detrimental to the best interests o’f these-institutions. ' 
After a candidato for a pn>fossorship in a secoirda^y school has 
passed tluj professorship o.\amination/ he has yet to undergo a “trial 
year” before ho can bo assigned to a post. At least tllis is true in 
theory; in practice the need for teachers has been so great that most 
of them have not had adequate professional preparation. Of oyer 
200 candidates approval by the Vienna examination commission and 
supposed to be having a “trial year" in 1908-9, only one actually, 
completed the work of the year. ' 

This triaj year is passed in a Mittelschulseminar, which is- most • 
successful when it is directly connected with a Gymnasium -or Real-’- 
schule. .On entering the Seminar the student is pl^6d under a 
certain professor, who has charge of his development during the trial 
year. In the first few weeks the candidate visSts classes which* his 
professor teaches,' aiid nStes the methods employed and the piTr- 
sonality of the pupils. The c^mdidato next gives instroction with 
the ai<l or under the directio;i, of the .professor. ' At the beginning of 
the second semostor the <;andidato instructs without aid for at least 
a month. ^ Furthormord, all Candidates have weekly^onferenfes with 
the guiding professor and^the director of the Seminar with reference 
to various questions regarding instruction, school discipline, peda- 
gogy, school hygiene, and potable publications <n pedagogic literature. 

After 8 'years of .service professors in secondary schools are entitled 
to a small pension in case of need. 'The rate of pension gradually in- 
creases until after 30 years of service it amounts to full salary. 

BIlJUOtiRAPHY.' ' 

• % 

F. BERGMANN, Der mnthanatUch^ Unlerrickt art den Realidmien. K. KRAITS 
Dir ntalAemaluc/ie Unterridit an den. Volkt- und Bdrgereehulen. ' Berirhtc (ib« i 
den mathematischen Unterricht in (isterreich, verenlaaBt durch die Interna- 
tionale mathemati|che Uoterriettkommusion Heft 1. Wien, A. Holder, J9J0 

6-f 81 pp. * * * 

. E. VlUTZh, DernutUiematUdu- Unterricht an den Oymnatun. (I. M.' U K Heft 3 i 
Wien, Haider, 1910, 8-H78 pp. ' , • ' 

A. AOLER, Det Unterridit in der dariulletiden Geometrii an den Realtehulenjad. 

^ lUalgymnatien. Kmu.ZK- Der Urilerricht in der d(»,teU»nden^Ge^^ 

mdm Udmuditn HoduchuUn. (I. JU. U. K., Heft 9.) Wien, Holder 1911 
. 124 PR. . ' ■ . ■ ’ 

fti' SJ*. tom# re, 1908; pp. itt-stf, tom# w, wto. pp. 39(W41: tom# 

W, IMl, pp. 160-16G, S7-243# 332-33; tooM 15, 1213, pp. 72-34/ par J. Jlcbard. , ' 
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Syllab^ts of Maihanat^ for Ou Au$trian Gymrumen, (Educational PamphT No. 22, 
London, Board of Educati 9 n, Eyre and SpottUwoode, 1^0, 10 pp. - 
C7ZUBER, * Der mathtmatische Unterricht an den ieehnitcH^n //odir^w(«n. 

(I. M. U.K., Hefts.) Wien, Ildidor,' 1.1)10, 6+39 pp. 

V STERNECK, Der mathcTnaiische Unteryicht ah cUn VniversitHUn. (I. M. tT. K., 
Ileft 7.) Wien, Holder, 1911, 6+50 pp. * 

KONRATH, Der mathematieche Unierricht an den Bildunysanstalten JUx Lehrer 
und Lehrerinnen, (I. M. U. K., Ileft 2.) Wien, Holder, 1910., 27 pp. 

J.\L()OS^ Dit^pinkiisdie VorbUdungfUr da^hohere Lehramt inOslerre^. (I. M. U. K;, 
Heft 4.) Wien, Holder, 1910, 21 pp. 

A. IIOFLER, Z>if nenesten ^xnrichtungcn in Ostemich fiir die VorbUdung der MUtel~x 
tehulUhrer in Mathematik, Philosophie und Pddagogik. (I. M. U. K., Heft’ 12.) 
V/ien,, Holder, 1912^ 103 pp. 

Enzyklopddiedx^ Uandbuch der Erziehungslundc luTter Hfdu irkung von Gelehrtrn umi 
Schulm&nnem ... hera'.tagegeben yon J. Looa. ,4^Bunde. Wien und Leipzig, 
A. PiclllbrB Witwe, 1906-^)8. 

Arttclos: Probejahr,'^ **HospiUeren,*' and *‘Pil(lagogische Seminaro.'* . 




W. FRIES, Die wiesenecha/tHche und praktische VorbUdung fitr doe hohcre Lehramt. 
2. umgearbeitete Auflage. MQnchen, Beck, 1910, 0+216 pp. 

Bund U, Abteiiung 1 von Handlmch deT ET^ieh^llg$- und UiUerricht$\thTf f^t ... 

•harausge^ben voo A. DaumeUter. 

E* MARTIN A K, “ Zur pOdagogiachen VorbUdung fiir daa Lehramt am Mittelschulen.” • 
Z eiUehriftfUr'die ostmcichisckcn Gymrwsien , 1 904 , 1 1 . Heft . " 

A. STITZ, “Die AuebUdimg der Miltelechullehramtekandiclaten." * A/iWr/acAu/c, 
1910, 4. Heft, 


















III. BELGIUAf. 


. Tlio aroa of Bol^ium is loss than that of tho States of Maryland 
and Delaware together, hut the population is somowhabgroater than 
that of tho Dominion of Canada. 

Education is controlled 1)7 tho minister of sciences and arts, who 
has under him two general directors, one 'for primary and onh for 
secondary and higher education. For secondary education the 
i^ntstry also has an inspector general, nominated hy the King, 
anti two ordinary inspectors, one for tlx) luimanities, the other for 
mathematics and science. Authority is exercisc(f over sdiools by 
the ministry in offectivo manner through control of tlie Government 
appropriations, appointment of teachers, regulation of programs, and' 
prescription of toxthooks.' , ^ 

. ' I ' » 

SECONDARY SCHOOLS. 

In lielgium the bettor secondary schools proper may ho roughly 
divided into tw'o. classes, tliose supported by tho'lJovonimont'and 
those maintained hy tho communes. Tho former are of two kinds: 
(a) the Aihetdes Royaux (royal atlionaoums, called also higher 
middle schools); and (b) the I^wor Midillo Schools or Middle Schools. 
Tho communal secondary schools (colRtjes communatiic) are mostly 
controlled by, tho church or religious orders. In 1012 they included 
15 colleges, which ranked about as l;igh as tho athdndos. . 

(a) The ath6u6os royau.x, 20 in nuinher, are subject to official con- 
trol under tho direction of tho King. In accordance with a decree » 
of 1888 the courses in tho athdn^os were arranged in three parallel 
divisions; (1) The humaniten grecqufx-hitiMs, with seven yoai> of 
Latin and five years of Greek; (2) tho hunuinitSs latines, with 
seven years of Latin, no Greek, and a very •extensive course in 
mathematics; (3) tho huvianites moJernes, where modem languages 
servo as tho basis for teaching during the seven years, Tho three 
higher claves of tho Wmanitis modernes comprise tw’o sections, the 
scientific section and the cominercial section.* Tho classes during 
the seven years of each of the divisions are numbered VII-I. Pupils 
entoriiig VII are about 12 years of ago ’ and have had tho equivalent • 

of 6 years of training in tho primary schools. 

, ' Nof ‘hat the eeheme la eomewhel elmllar to thet o( the Frenth lv«>w. fa n. n„.n ., .h... , 
Ijrpeeof Inatrucllon ere Rlyen In rtWerent schools: the Gymnaslu.t... the ReolBymnaalum. on/the ReaJacbule 
“**"""““ »«• admission to the atbdndes la II years, and an entranoe eiamUmUon mu«S 

' 28 , ' 
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Tlio mBthomatical subjects taught in the ath6n4es are arithmetic,- 
, algebra, plane and solid geometry, plane and spherical trigonometry,’ 
plane, and analytic geomd^ry, descriptive geometry, and surveying." 

Aanitfr of houn irort dcvottd to mathmatie* and itt applicaliont in the different 


nm^k-l.atln humanities > 

UUn humanities • 

Modem humanities: 

(•) Srie.ntl desertion 

(6' ('ommeroial section. . . . 




V 

3 

3 

3 

3 

3 

> 4 

3 

3 

4 

3 

• 3 

.4 


IV 


HI 


Yotal. 


21 

31 


8 , 34 

21 ’22 


• The coubas In ancient humanities bifurcate at the beijimUng of the Umtl year, V. 

In the first two yeers.the mathematics is the same for all, and the 
pnxgrains for the Latin humanities and the scientific section of the 
mo,.lem humanities are identical. The commercial section differs 
. fn>m the scientific section in. Classes III-I only. In Cla^ III of the 
scientific section the following subjects are taught: 

In a. iJimetie: General theory of divieiMfity of numbers, highest common divisor 
Iwl . >mmoii multiple, theory of prime, numbers, Fermat's Th<-orem, conversion 
of ordinary fractions into decimal fractioiis and reciprocally, numerical approxi- 
m.ations, weights and measures, operations on complex numbers, cube root In 
«l,rbn,.- Diacuasion of the general «,uation of the first degree in one and two un- 
^iimvns, complete discussion of the general equation of the second degree, properties 
(if ;nnomials of the second degree, questions of maxima and minihia, progressions 
lopanMims, use of tables, compound interest, and annuities. In geometry: Kecular 
pilygoLs, measure of the circle, determination of r, problems, notions on the theory 
of trans' ersals. In plane trigonometry: Fundamental formulie. identities, conslruc- 
uon, and usage of trigonometris fables, solution o( triangles. Swieyiny and Urtling. 

In Cla-ss I of the Latiif humaniUtw two.of the eight. houre i wook 
are tievoted to a thorough review of algebra, geometry, and trigo- 
noinetry, with new applications of the theories. In the remaining ' 
six -1 lours some of the topics taken up are; ' 

Determinants of the second, third, and higher orders; elementary properties appli- 
cslion to the splutinn of a system of n equations of the first degree; in tpheriml triqo- 
mmtlry: Solution of triangles, spherical excess, radii of inscribed and circumscribed 
cin les of a triang|e, distance between two points on thff earth’s surface, volume of 
the parallelepiped and tetrahedron in terms of the edges and angle.»; in analytic geom^ 
firy: I’rincipal properties of poiiiU, lines, conics, conics as sections of a cone, inter- 
fnvtion and similitude of two conics; in deeeriptive geometry. Intrpductory notions. 

It may be added that the instruction in the athfin^c is maintained ' 
at a vefy high standard and carried out in such way as to arouse 
keen competition for honors and prizes. These are' distributed as 
the outcome of three examinations each year for each class, the 
third being called’ the Conctmrs gSnirtd. A sample paper in the 
CoHcoiirs ginlrdl of 1910 for Class I in Latin humanities and scientific 
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section will give a further indication of tiie mathematical standards 
of the ath^n^e: 

I* * Armlytit grometry ^—GWcn a rhomhiifi ABCD whow diaj^nali AC, BP, 
reepoctively. o*|uai to 2a aiwt 2fe;and imoreoct in (a) Kt.rm the tenoral 
of the conicB .V wjiom) ronju^^ato diameters have the dircH tiitns of the aides /M, BC 
and which meet the diajjonal AC in two jx^ints K and F mvh that, OFxOF=^-~a^* 
Show that the conicf* ..V pa«, thn>ii«h four hxVil i^oint/ and runstnict those |>ointi 
(6) Find the locus <»f the ptdes of with respo<’l to the conics vV. Find also U»e 
IcK'UB of the jxiints of c ontact of lluf Linf^entx drawn to the wme conics, parallel to 
A(\ (t) Consider, in each of the conics ,S\ the a:(es of symmetry (, the p<j|ar p of the 
VorU^x />, and the perpendicular r/ druppinl fnnu /> ou ;). I'ind the locua of the points 
of stH'tion of (i with I and c(*nstruct tl^is Irxnjs. II. Descriptive geotmtry,—CA\cn a 
liner, and the horizontal line a cutting the fmntaj line b in the point A. (a) Find on 
the line r the point .s\ iMpially distant from the aides of the acute anple forrmsi by a 
and b, {b) From drop the perpendiculars SP, SB on a and h, respi.*ctively. (r) 
Construct the qmuirangular pyramid S ABCP, which ia fou'iul by cutting with the 
plane («, 6) the s«did anple wh(»se f(*pr t'dj'ea are SA, SB, c, SP. {d) ttive a repre- 
eentation of this pyramid, applying the conventions* with resjKM t to the parts of the 
di^winx of projections of jfarts seen and hidden.. HI. DcmoiitftfaL that the six 
dihedrals of a Udralicdnm satisfy the relation, ' / 


^ where the foir 


faccj 


— 1. cos (ah) 

coft (ha) — I 

cos (ca)^ ' COP (cb') 
ct>s (da) . cos (dh) 


cos (a<)V I 
Cos (hd) 
C<>8 (cd) ! 

i 


cos fai*) 
co.-« (he) 

-1 

COH (dr^ 

S ’CS are denoted by a, b, r. d, and {pg) <lenotes the dihedntl anpfe 
'08 called /) and 7. 

I angle formed by the faces a, h, e'is trire< t angular, show Umt the 
ty reduces to 

* 'S H. ( 

V coi‘(o(f)+ros-{6(/) f foj*(r(/)=l. 

Tlio Student who completes nny one of the eotifses f>f instruction 
in an a(h6n6e and piussca the final ^xmnmntion Tcc.Hvp\ti diplome d( 
sorlie, 'whicli admits liim Id tlu^fjoal of his ambition, a university. 
It will admit him to any faculty. Only in the spocial scliools must 
an applicant for ndmission, whether he has a if iy^/owe ur not, be 
examined oil the program of tho Latin or syicnti’lic sections. . 

(^) The State lower middle schools, of which there are about 90 
for boys,’ “were created by the Government to meet the needs of 
the 'higher artisan and commereial ela-ssoj.” Entering pupils for 
these schools and for the atJicn^cs have fhe same preparation. The 
courses of study are •arranged so a,s to . occupy three yejirs; > The 
oblipt<>ry courscs'arc: French, -Flemisli, ^history, geography, arith- 
metic, algebra, geometry, zoology, botany, physics, chemistry, com- 
merce, drawing, and gymqastics. As to mathematics, it corresponds 
ajpproximatcly* to what is taken up in 4he lir-st four -years at the , 

* For lolutloQ of these questions; see Mithetit, 1011, vol. 31 , pp. 35^, 01, 0^. . , 

• Mr Roiw' seems to be Incorrect in staling (p.l-il) that there are only about 50 of these schools. a.SUHes- 
Man's Year-Book, 1017, andelieports of the U. 8.. Commissioner of Education, 191 ^ 14 , etc. . ^ 
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athen<5c^.* * Pupils who have completed the course of ,a lower middle 
school are admitted, to IV of an ath4n(o without examination or to 
III after successfully passing an examination. * 

THE universities: 

* * ♦ 

There arc no higher normal scliools in Belgium, and except in 
vtTV rare instances a candidatn^for a projessorsliip in an ath^n6e. 
must have feceived4-ho degree of doctor from a university. 

There are^^our universities —two belonging to the State, at Ghent 
ami Liegi'; the free university at Brussels; and the lai^est of all, the 
Roman Catholic university at Ix)uvain.* Each of these universities 
has certain special schools or institutes coimecfed with it. Per- 
lui])s the most famous Of them is the technical school atthclied to 
the University of Liege. In each of the universities there tu*o four 
faculties — philosophy, law, medicine, and sciences. It is in connec- 
tion with tlio last*-named faculty that the future professors of mathe- 
matics and professors of natural science are' formed. On entering 
the faculty of science as studot^ts those candidates are /equirod to 
pn*.sent a diplome de sortie from ah ath6n<5o or a college, or else to 
pass cquWtilenY examinations either (1) before the fac)dty or (2) 
iu'foro a jury composed of processors of secondary tcacliing and 
.i}>pointod by the minister of sciences and arts. The students are 
usually graduates fronvthc scientitic section of an ath6h6e.* 

In addition to pure mathematics the future professor is required 
to study general physics and mathematicd'^physics, iMonal me- 
clianics, chemistry, and cryst allography. The program also indudes * 
a course in psychology, logic, and moral philosophy, as well as. in 
the history of mathematics. , , 

Didactic preparation takes place at the same time as sciontifio 
preparation, ctvclf university possessing a sjiecial* chair of mathe- 
matical methodology^. 

I'he scientific preparation extends over four, years. During the 
lirst two years the student prepares to secure the certMicato as candi- 
date in physical saences and math!etnatic^\ For throe years the courses 
are the same for, all the students of mathematics; in the fourth year 
each takes up, according to his tastes, onm or other of these groups; 
Analysis (including differential geometry h higher geometry, astron- 
omy and geodesy, rationS^ mechanics 'and celestial mechanics, 
pliysics.* The thesis for the doctorate is on a question I'clated to the 
group chosen.* 

• Selected titlM from the official list of ma tAe nutie^ UiU used tothe lofrir middlt sohooli 

. are givin on pagea 234-305 of the report of the suboommissioo. . . / ' • 

. I The buildings of Uiis. univepity were completely destroyed by the Ocnni^ Aug. 36, lOU. # 

• To meritorious sod needy students the State awards, on the basis of a/OMCoarf^awual scbolar^pe 
amounting to 400 francs; These scboluabfpe may be received each year <ytheoou^ .lliereisgeaenily 
Mie'sQch scholarsliip for the secUon of mathematics in each univenity. 

101170 “— 18 --^ 
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. Th^ i/a'torinir?5i^ program, which arc aiwut the same for all 
Zo ’ io tho IpJlowing maunerlii Mr 

(a) PliRK MATHEMATICS. \ J, 

w*k. lAinito, «axn<K*t«i: dcnvaUvw and/Uffert-oiiala; T^lor'a an.i 
Ma. l«u^ , Ujcorrma; o«,dicil and implicit fCuona; chmmc!d vLial!^ 
niMinnrhi aul minimum^ »eno»; geometric apT«cation» of diiTorenlial .-al 
. clu. to o«rv« and to .urt.u-«i; inlegmla-pnH of inu^,i.7„ 

t\ !><•» of inU^mlt*, aroM, mirfa^w, vt»liimo«. 

inu^r!!^ ‘‘'ffwnUation and integration; Rulcrian 
L. «,? ■■■ wUifrable tv|H*; «itnuluimy,u» diSeremial 

taiuatwna, pi^al difforenUal equationa of the lint «Mor; total dilTcronce 
^,u.lum.;calc«lua«fdiffeiemeaw^ ThnJ 

workaof Abel. ( atirhy, Rmmann, Weiemtram and tlieirdiariplw. Th.^n- 

of «llipi|c functions (after I>egondre). 7hre<(+oun. a - 

An, students working -for tlieir 

dm^rate in ana y.m, Semching atudy of a Uipic in the Oita.!^ o, /.!„;! ' 

iTvn aborting U> Jacohi and Weiemtmaa. It,.«.ar, h 

in differential g^mietry haaixf upon the work of Darlmii, ■ ami Itiam M 

'nuynusterjy v-ork of M..,lo la Vi.Wo-l\,„.,ts.n‘ gives,, p,;„| 

1 , It'll of tlu« .stihjccla covered iii (h«> first iwo yenra. »• 

2. .fmi/ytir (7rom><ry-/'tr»f year. Tltna, hours a week. Uovimoi, „f ai.al.iin 
geometry of two dimensions and st udy of anal vtic geometrt’ of ihre.- d, 

■ r.rtlcul.r>,dy of hon,,*entK.uii. ta*^^^ tlng iKr , , 

totrahodra c.»rd,nates. tienoration td'surfacea. * iirfactu, of tL • 

- fnv^,’^*'T’ ww-k f>«>«-hiVy«>mctry.- .Study of forms 

ti"« Jld"’ h<"»ol<vy. cortplation. duality, polarity pnud-r- 

K.r.r„ Tr™'" 

illustmto the reqiiirementa. • ’ “ «"'•'* ‘ 

Eor the pupils who s|H<cialize in goometry during their thin! and f ..rii 

yesrat,hop,,,osa,,ak™upeitherthoth«^^ 

of cubic surfaces, or the Ihoorj- of forms in higher geometry The numliei 

*’ DeSC’M^^sT TheworksofK.Fyiiie.Klf G 

Derfiyts. M. htuyyaort. K.mm>«nd L. G^eau, may be menUoned 


flmoml Oe^ by H. UikaL Wp.|j. 

Hsy*i'. ir». •JIO.pp. OtomHrU 

ftiisS'lISlttrAall/Xw^n^Ottd'Is^ Osnd. f«w. l 

smyr... 

.MiBDdiM par fm esurbrn du dsuattma ^^.r,*^,*** «“•«“« “t*e«s al«briqiwi 

^^Kocts dt llayoluUw st ds bomoempUs '^rh. •• Mdmoiri wt la 


■Jf ; 
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(c) HISTOBY OP MATHEMATICS- Continued. 

10. ElemenU^ Mathematia. 

^ principles aiM-foundations of such matters are coneidcred. Review of the 
pnncipal theories studied in the ath<!n<ie with a vie# to piictical lessons 
_ Notions of ^or arithmeUc, of various lands of goometry. of tmiwcni 
dental numhere. Text: Methodology, by Daueo ‘ 

. (<f) OTHER COURSES. • o.'- b • . 

11. Oet^al Phyncf—Fint ytar. - Four liouis a week. Study of the nrinripal 

^ lo 'Treatises: By Schoentjos and llton 

12 . Chmutry^Secmdyear. Four hours a week. GcnoraloiBanicandinorcanic 

Treatises: Ry Swarts, A. F. Spring, P. Henry, Cliavanrte 

13. P^lo^, Loyit, and Moral PhUosOphy-Sreond year. Three hours a week. 

The principal theories especially of logic. 

14. Cryetallography—Seex>nd year Three hours a week, v Systems, properl uss 

representaUon. Typos and properties of minerals. Treatises: II v E \ 
Stdber, G. Cositro, Ledopx. • ^ • 


Studonte in a university have to pass annual o.xaminatiohs on each 
of the subjects of study during the year > before being admitted to 
the work of the foJJowmg year. Having satisfactorily completed tlio 
hist two years of work they receive diplomas as candidals.. 

The tests at the end of the fourth year include: (1) The presenta- 
tion and public defonso of a thfeis; and, for those who are to bccomo 
toachore, (2) the puldic delivery of two lessons, one on matlicmaties 
the other on experimental physics. Tlie subjcnits of those fossons anJ 
pven m advice by the juiy and are cliosen from the program of 
me a^enees. > All tests having been successfully passed, the canJli- 

dato becomes a doctor Qf physical sciences and mathematicsi 

The examinations occur each year in July and in October and 
there are severe! grades of diplomas:^ With success, with distinction 
Wiw great distinction, and with greatest distinction. ^ 


PROFESSIONAL PREPARATION. 

It IS noteworthy that the program for the doctorate includes the 
elements of the histoiy of mathematics and a course on methodology 
of the teachmg of mathomaticB and of physics. This latter couree 
deals ^ually with subjects taught in the ath6n4e and with the meth- 
oj of mathematics in general. The course lasts one or two years 
(tnird and fourfh) and averages about three hours a Meek, llio 
^ons are conducted by a university professor who has generally ' 
been a teacher in the secondary schools in his earlier career. They 
have a bearing on *e methods of teaching each of the parte:of the 
athdn«e, and the" professor usually expounds each 
of there subiects through, the medium of the students themselves. 
Md^ by to counsel and advice, Each student feives before his fel- 

J-lMMlpon. 0«d,n«t..lM». .10+«ipp. , 
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lows practical lessons m mathematics and physics. These*'are after- 
under critical review by professor and students. 

^0 students are required to take a <}ourse in psychology, peda- 
gogyis not taught at all systematicaUy. ' 

It IS with such scientific and professional preparation that the 
future teacher in the better secoiidaiy schools enters upon his duties. 

TEACHERS IN SECONDARY SCHOOLS. 

In the ath4n6os the teaching staff consists of an inspector of • 
sludias (pr4/ct de$ itudes), professors, and masters {mrvf^nts). 
The head of a lower middle school is called a recM. - The inspectore, 
rectors, and professors are nominated by the King, and must each 
"have secured the doctor’s degree at .a university. The mastem, who 

ore chosen from candidates, are appointed by the ministor of sciences 
and arts. ' 

In general the newly made ddctqr enters firet oithw (1) as professor 
in a free schooL {etablissement litre) or communal college; or (2) as 
temporary or permanent surveillant; dr (3) as subsUtuto professor 
n an ath6n6o. After some years have passed in one or another of . 
those capacities, he may be promoted to a chair in an athdnde; but in 
many cases the doctor must proceed to this goal by way of the'posi- 
tion as surveillant. 

The mathematical chairs vary in attractiveness, according to the 
divisions: (A) Greek-Latin, (B) Latin, (C)-(D) modern' humaniti®, 
with which they are connected. In establishments of secondary 
importance (averaging about 200 pupil?) there ate ordinarUy three 
])rofos8ors of mathen\atics, one for division (A) in VII and VI, the 
course being the same for the divisions (A) and (B) ; a second for 
tlio modem humanities VII, VI, V, and IV, and for (B) V and IV* 
finally a third for division (C): III, II, I scientific,-and division (B)’: 
III, II, I. There is only one corresponding jirofessor in each athdijde; 
he IS the profesaeur de maddmatiquea auperimrea. So, also, there is’ 
always only one professor in division (A). On the other hand, the' 
number of professors in the division of mWern humanities m*a^ be 
two or throe and sometimes four, according to the numbw 61 ounils 
. (400 to 700). V ,y 

But in any case aa there are only 20 ath6n4es, and a smaller num- 
her of similar ranking colleges communaux, the ttfimber of mathe- 
matical chairs is relatively limited. - 

The number .of teaching hours per week Varies from 18 to 21 
according to the divisions. " : . ' 

^llie salary is composed‘pf'two p^:.^(l) A variable part,, from 
the tpvnerval,' which ^riies from equal distribution among the 
profesrors * of fees jjiaid by the pupils; and (2) a fixed part. . • 


Ml 

f 


« ^ ^ *8 to the fee paid by the paptlsW soholastlo InitnicUoo. 

’Fitneasorf of diftf^g, gynitiasUce. and muslo are raoepted. 
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If the minerva' part does not anxount to at least 700 francs 
a yeaf| the State makes up the deficiency. In larger ath^n^os this 
part of the salary may range from 900 francs to 2,000* francs, or even 
more. - • . ^ 


As to the fixed part of the salary, the initial amount is 2,600 
francs. By periodic increments it may reach 5,500 francs in the 
following mannerr*^^ ' 


Frftncs. 


» Francs. 


Ihitiaj^ary, 2,600 
After^yeara, 2,9^0 
After evears, 3,200 
After 9 ^ara, 3,500 
After 12 years, 3,800 


After 15 years, 4,100 
After 19 years, 4.500 
After 23 years, 5,000 
After 27 years, 5,500 


Surveillants commence with a salary of 2,200 francs^ but have an 
increase of 200 francs every three years; the years p^lssed as sur- 
veillant or as substitute teacher count in fixing the salary of the 
teacher, who finally .becomes a professor. 

In the colleges communaux the initial salary varies from 1,800 to 
2,400 fra’hcs; the increases vary according to the schools-, and the 
minerval is not distributed among the professors. The, years spent 
in a college communal are always counted ‘toward promotion when 
. a -professor is called to an ath6n6e. 

. At the head of each ath6n6e is a pr4fet ’dcs Etudes who does not 
teach and who has beeiNchosen from among the professors*, at least 
40 yearn of age, in another establishment. Apart from the variable 
minerv^ the salary of a pr5fet ranges from a minimum of 4,400 francs 
to a maximum of 5,^00 francs;* he has also free residence, heat, and 
light. [ 

The chairs at ath6r^es of large cities are most sought after^ because 
of the higher minerval an3 the attractions which large centers offer. 
As., a general thing professors pf (^mathematics start in* division (A) 
or in division (D), and afte^ome years pass to division (C) if they 
have acquired dlstincti^h-'^y their professional aptitude and their 
publications. There is no definite rule concerning advancement, 
though the rule of seniority is ordinar^y respected. 

Every professor 60 years of age is retired with a pension. This 
peasion may be obtained when he is 55 years old if he has taught for 
30 years, or if he has had to give up work on account of disabfiity. 
The basis of calculating the pension iSv^the average salary, minerval 
included, for the last five jeara of service. The pension is 1/55 of 
t|hia amount for ^very year of semce, including the four years of 
study. Thus a profeMor bemnning with any title secondary-school 
-work at the age of 24, ancLpensidned at 60 years; counts first 36 years 
pf service, then the 4 yeaniat the university, fte has then the right 
to 40/55 of bb average sijhry, say «(40/55)(5500 +700) -(40/55) X 
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6,200, if he has taught in a school of ordinary importance. Tlie ' 
pension must hot exceed 7,500 francs. ^ , ’ 

a rule Belgian professors of math^matira in secondary schools 
do not' find time for scientific resWch. Those who do promote’ 
science by their publications may aspire to university chairs. Such , 
hax beep the line of advancement of Profif.'Neuborg and Fairon to the 
University of Jjiege, df Profs. Schoentjes, Servais, an^ Stuyvaert to 
the University of Ghent, and of Profs. Donder and Mathy to the 
University of Brussels. * • , 

To rigenis or teachers for the State lower, ipiddle schools, 

the Gd/ernment has instituted two normal schools at NivcUes and 
Ghent. Admission is gained (1) by examination, (2) after study 
in a primary normal school, or (3) after having completed the III or II i 
in an athdnde. The course of studios lasts three years. The students 
wlm prepare themselves for the scientific oicamination' specialize in 
inathematical studies in the second and third years. The program 
of such studi* strongly resembles that of the scientific divisions of 
the athdndc, except that the study of spherical trigonometry is 
replaced by that of mechanics. Pedagogy and methodology are 
sfTOifd in thorough fashion; during their whole course the future 

regents arc required to give' practical lessons to pupils of the “6cole 

d'application” connected with thS normal school, and the final 
(‘.xamination calls for two lessons — one in science and one in mathe- 
matics. The candidate who has passed all necessary examinations ’ * 

is qoaTificd to become a professeur agrSgS di Venaeignement rmyen 
rfh degre inferieur or rSgent dt Vicole moyenne. Owing to their exces- 
•sivc nunibcr, only about one-half of such graduates eventually find 
a place in a State or communal school. They start ordinarily as 
wmtuieurs in a primary section connected with the tower middle 
school, and after a term of years are appointed ns professors, of lower 
middle schools. The salary of a regent varies from 2,100 francs to 
about 4,000 francs. Rectors get frOm 500 to 800 francs more.'- Tlie 
r6gent is required tqr teach- about 25 houi^ a week. 

The professors ih the-normal schools are selected from among: 

(1) Doctors .who have completed their university studies; (2) the 
best of the regents. 

' Thpre arc three types ot courses orgwlud to develop teachers tor dmerent croups of studto Is the lowar 
middle itcliogls. 
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IV. DENMARK. 

AHhou|Ji Denmark is loss than^l 6,000 square miles in extent, it 
has a population of close upon 3,000,000 people. Their educational 
sptcm, which has always been closely associated with the Lutheran 
(Imrch, ranks high. At present church control is'^nerdy nominal, 
althot^h “both the bishops and clergy servo, as members of school 
committees ox officio, and aid in the* selection of teachers and in the 
administration of, the schools." But apaj^t from this the schools 
are under civil control. 

The minister of ecclesiastioal affaire and public instruction is at 
the head of the whole educational system, including the university. 
In each of the. 18 counties of Denmark ho delegates certain dutjeSv 
to the school council or skoleroad; and to each of 60 districts is given 
control, wdthin certain limits, of such^ things as the appoiaiment of 
teachers, arrangement of courses of. study, and selection of texts. 

The system of lAnish elementary and secondary schools was* 
mwly organized by pHacUnents of 1903, which did not come into 
ro^/fplote operation until 1910.4 As one result much greater coordi- 
nation between the branches of education wm brought about. ItTs*^ 
now possible to find a* connected couipe leading from the primary 
se.liools to the university. Secondary' educajbion proper begins in 
the Mellemskole or middle school, which the p^upil may enter at tho 
ago of 11. years. Tlio regular course lasts Jour yeare.‘ Those who 
.satisfactorily complete this course may pass on 'to the GymnaAum. 
Here, as iiv Sw^,eden', tlic pupil must elect to follow one of throe 
paraU^nes of study which ho will pursue during the three years of 
the course. Those Ijnes are,: Maihematits-sciencet with neither Lat- 
in nor Greek; modem lan^agcfi, with Latin, but no Greek; ancim^ 
languages. When ho completes the w'ork in any one of these sec-' - 
tions the pupil, who is then about 18 years of ago, presents him- 
self for the “student's examination." A certificate that he has 
passed this examination is.sufficie^to adipit the student to the 
university; indeed, the university grants to every such student a 
“letter of acadomre citizenship." ' 

In the mathematics-science section of the Gymnasium mathe- 
matics is taught for six periods a week during each of the three years, 

« An extra yenr Is nd»l«l for those who wish to preparti for Ibe RenJeAmoo, vfilch is accepted as an eo. * 
trance standard for midule professional schools. ' » . ‘ 

' - 39 
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as comped ^th tw) periods a week each year in. the other sections. 
The topics taken up are as follows: ‘ 

InAntkmelicand ^Igtbw General equati'db of eecond d^ee; maxima and miHinw 
infinitely great and tbfinite^ knall quantities; symmetric equations; equations of 
higher degree in two unknowns (it is showp by examples. in connection with the 
ylution of such equations that roots may he lost while extraneous roots are introduced)- 
■ »eory of exponents; calculation with irrational quantities; theory and practice of 
l^arithms; arithmetic, geometric and harmonic series; permutations and copihjoa. 
tions; binomial theorem with positive index ; interest and annuities; complex nuinhers- 
prime numbers; proof that a number can bc-brokcn.up into prime factors in only one 
way; algebraic, equations; the expression of the coefficients in terms of the root*- 
the cyclotbmic equation. 


In Plaiu Geonutryr Proof of the theorem of proportionality of the side.s of two similar 
triangles; general proof of the theorem on the area of a right triang^lo; general theory 
of similitude with applications to simple construction problems; regulm- polygons- 
division of circle into 4, 6. 10. and 15 parts and calculation of corresponding chorda- 
length of the circumference of a circle and its arcs; area of a circle and of circuit 
swtors; the trigonometric functions of acute and obtuse pngles witlksimple applies- 
Uons to solution of triangles; application of rectangglar cooiWinates to graphic repre- 
sentation of simple functions (e. g.. ax, ai», ax‘i-bx+e, a-:x) for spcciiU values of the 
coefficiepts; variotis loci involving proportion; harmonic ranges and pencils;-dpTnica. 
tioD.s to coDstruction problems. 

In Trigonomtry: Trigonometric functions of any angles; formula; for the fun(-iion.« 
of the sum, or the differenceof two angl^, and for functions of double and half of an 

angle; limit of for x i 0; solution of simple trigonometric equations; log.-u-ithms 
and solution of triangles. .. \ 

In Solid Geomtlry; Principal propositions on lineii and planes; convex polylic.lrvl 
angles; the rectangular trihedraf and the determination of a point in space by 
angular coordinates; polyhedra with proof thiit there arc not more than five spe. iw i/ 
of regular convex polyhedra and that the lelrahcdtim. cube, and octahedron exi-l- 
cylinder and cone; the fundamental spherical formula; and their application U. (he 
right spherical triangle; congruence, symmetry, and' simililmlo; area of curved sur- 
faces, such as of Hie cylinder of revolution, edne of revolution, sphere; volumes ..f 
prisms, pyramids, truncated pyramids, cones, spheres, and sections of spheres- pr<H.f 
that.plane sections of a cone of revolution may be ellipses, hyeerbolas. or parabolas 
In the instrucUon e-special emphasis is laid on thp development of space perception! 

In Analylie Utom^ry: Determination of points and curves by rcctam-iilar and polar 
CMrdinates; the most important formulae for the equations of the stmigllt line anil 
cbcle; parabola, ellipse, hyperbola; tangents, normals, asymptotes, diameters. 

In additio'n to these courses one of the following, A or B, Is given: 


A. Anmrulte and Algebra; Determinants with applications to linear eriuatiotia- 
t^tinued fractions with applications to calculation of irrational square rtxits and to 
the soluUon of indeterminate linear equations. AtMlylH; Geometrg; Discussion of the 
genferal equation of the second degree in two variables. Solid Geometry: Icosahedron 
and dodecahedron; representttion of a simple polyhedron by orthogonal projection 

on two planes at right angles; plane sections, of these bodies. 

». /lyfntfenmaf Cafeufus.-. Infinitesimals; continuous and discontinuous functions- 
denyatiyes of (n rational), of trigonometric functions, of sums, products, and quo- 
ueiit9,«of a function of a function; Rollers theorem; maxima j^nd minima* Taylor's 
senes for integral functions; definite and indefinite integrals; integration by parts'^ 

simple appheaUon^ to geometry and t^physical problems. » 

. ' \ 
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I ^ mathbImXtics at the university, 

I . ' The University course for^ the scientific training of the teacher in * 
I the secondary schc^ls ends with the **SkQleembedsexamen (teachers' 

I exiuuinationh According to regulations of 1906^ when a candidate 
pn^senj^faimself for this examination with either mathematics (or 
physij||||K a major, he must also present as minors astronomy with 
ap|)li^8ia<kematr(js^ and chemistry with physics (or niathematics). 

The examination consists of two parts. In the second part the 
examination is on the major only. Before taking this> indeed at 
I the end of the first year, the canflidate must pass a university ex- 
amination, callhd the “Filosofikum," in logic, elements of the histoiy 
of philosophy, and psychology. 

In the first part of the examination the mathematical subjects 
are: Anal 3 rti'c geometry of the'^plane aird of space; algebra; differential 
V and integral caloulus, including the theory of infinite settes; differ- 
ential equations with a single independent variable; total and linear ' 
partial differential equations in three variables; application ot 
analysis to geometry; statics, kinetics, and hydrostatic^; advanced 
f)ortions of g 3 rmnasial ihathematics from a higher point of view. 

For astronomy, in connection with applied mathematics are required: 

- Theory of interpolation facility in numerical calculation, especially 
in the use of tables and ephemerides, as well as in the numerical 
solution of equations. 

FoF the second part of the examination* with mathematics as 
major, candidates must be pmpared to answer questions in the 
following: Function theory and elementary number theory; methods 
descriptive geonaetry; projoctivei. geometry in synthetic and 
analytic presentation; more thorou^ treatment of kinematics and 
kinetics; special study of some part of mathc^matics; ^the history 
of mathematics (in connection with whiph the can<fidatb must 
make himself familiar with Euclid's Elements and Descartes's Ge- 
ometry),* and eifher with the complete development "of ^ single- 
branch of mathematics or with the whole fielA of mathematics in a 
given period. ' ^ . 

Both parts of the examinations are oral and written; the oral are ♦ 
public; the written examination of the first part lasts four hoUrs 
and the special problem of the second part ten hours. The can- 
. didates who have passed the Filosofikum and Skoleembe^^xamen 
are called candidati phtlpsophiae and candidati magiateriif respec- 
tively. . 

iTie degree of doctor of philosophy inay be. won by any candidatus * 
magisterii who has received the high^t grade and who has prepared 


1 To every methematldan fainlUa^wlth Greek nuthemattce ov with the history of nutbemeUcslhe 
names of Heiberg am^euthen, professors at the University of Copenhagen, are well known. Their 
Influence Is doubtless dl|^yable In these unusual requirements. 
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• a ■s^tirfactory thesis which has been printed. Since the degree of 
. doctor gives the j^ docendi, the thesis may bo mgardod as a Habili- 
tationMchrift._ Withm the past 100 years less than two score of 
these doctors have been created. 

THE TEACHER IN THE SECONDARY SCHOOL. 

Since 1908 everyone who has boon appointed as teacher in a com- 
plete State secondary school is^a candidaius magistfrii arid-hns had 
two years of professional training, Tho fust year has beeft 'nor- 
mally spent at tho Pedagogic Seminar estabhshed in 190 « aid 

- seminary eadi candidate must, as a rule, hold a degree from the 
• . . t)^nng file first semester he receives theorelical inslruc- 
mln^ m Wstory and prineiples of,educatidli and 

® and present orgam- 

zation of Danish education; school hygiene, including the physihlogv 
and- hygiene of ^dolesccnee. Professors of university rank arid 
chaise of the instruction. The,e.xami^iations covoriifg the work ,f 
he coume ahe both wrftteh and oral. During the seU semt;.; 
the candidate is occupied in practical work under the direction of 
the insiicctor pf candidates for teaching positions in gymnasia 1 le 

' A^TTn ‘‘‘“T® of his two fpJcial suhVe, ,. 

At^fosthe listens only, then instructs in the presence of the Ualcl.cr 
or the school director or the inspecUir, The day's work closes witli 
critwaf discussion. The candidate's work of tho semester ends 
with a prehininary examination whi.d consists of two hours of 
eiwhing m his majrfr subject and one in his piinor, in the presence 
of his ac viser, the headmaster of the- school, ami tho State inspector 
of complete secondary schools. After a further year of activity as 
Msistanter regular teacher in a State or private secondary schooi tlie 
candiduto must take his final examination. ^ 

' at training may be omitted “if a candidate has worked 

at least two years at a school and has his skill in teaching tested 
by an exarnenakomm-,,sm consisting of three experts appoiLd by 
the ministry for that purpose.” This last method is followeil In- 
mwt Candidas for positions in tho secondary schools. The private 
spools in I^mark, as in Norway, have been the training grou u 
for the teachers in tho public schools. " ^ ^roum 

The salaries ^ fow, iit general, oven for Denmark. Tho maximum 

teachers to 5,000 

principal ’■ P”“Cipala, but a residence is also provided for tho 

' • ' ' - .> 

ThiE sketch maybe appropriately concluded by a sample of'lho 
exainmation probJoihs in tho skoleemledsexamen: 

^ t ' ■ * 1 • 
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-• F1I18T\PART. 

. * i. (4 hours.) ' ■ 

fiiyo a prracntation ot the theory of polo and polnrs for the cirrie 
Deterimno Iho gooniclric locus of the polo of the tang,.uts to an elUnse with rMDOet 

U> anrclc whose middlif point is a fociV of tho ellipse. ^ i 

• — U. (4 hours.) 

(1) that the two infinite flcrios 


1 


n = CO 

A= .. , 


n = CO 

V 1 

n** 


B= 2: 

U==iJ 


satisfy t ho condition A = 10. r 

(2) Given that and aj^O, and F’(it)=x“-fa'»-(x-f a)",' f(x)=x®+nx-4-ft* 

Provo that F(x) is diviaihle by f(x) or (f(x)/^ according as n=6ui-^ or n==6m4*l* 
m IS a positivo integer. "-xi, 

(3) Ut/(x) bo a raUon.ll integral function of x, lot <i and b be constante and n^O. 
Provo that tho differential cc|uation 

(“+b)J^+|-y=f(x) 

L has one and only one partie.ilar intcgml which is amlional integral fuhcUon of x- and 
■ give a mothod for detormining this rmrticular integral. 

til. (4 hours.) 

(1) oh the arc of a ciirve is a fixwl point 0 and any point M. The length of aic> 

^ can tu^umo the values fn.ni -ota+a-tind the radius rfeunaturo in M is given 
b> ^,-va*-8 . \\*th rectangular coordinate Byetem havii% origin at 0 and z-axin 
comcident with the tangent to tho c>kvo jit 0, find the coordinates of M expressed in 
terms of tho angle between tho z-axis and tho tangent at'M. 

(2) netormino the coordinates of tho.ccnter of gravity of the ait of .the catenary 
(higXrdod as a matonal homogeneous line), 


y=^(«-* +0 




W'lh ‘>*0 .'/-axis to a point with the abscusa x 
Show that the center of gravity has thc8amo4ib,sci88a as tho intcrsfcction of tho tangenta 
aniie ends of tho arc, and an ordinate which is half of the ordinate of the wiL of 

intersccUpn of the normals ijt the end p<iints of the arc. . 

* SECOND r\)lT. 

i. (4 hours.) , . 

(1) If the power scries Sa,,»" has tho r^ius of tronvorgehce r>0, the rorion of 
convoigeiico vf the senes f(x)=ra„ (x’+x)" is determined. Seek the nature S con- 
vergence of this senes and show that tho sum of tho scries for r>t satisfies tho con 

•(l+4(x’+x))’ in the above form. x v.t<x; 

(2) The point (1, 1. D in trilinoar coordinates is projected from tho throe tasular • 

ra^“’ •' triangle on the opposite sides to thd pbinto p 

dr. Aconic, K„m tangent to oe in? and a6 in rand cute pr again in u and M 

n «. A second conic K, is tangent to 6a in r and 6s in p and cntolr again in ? Z' 

It X if K oTr‘ ‘he lines «s and Vs. What is the gwmetric K 

If K, and K, -vary in such a way that v and s are harmonically conjugate to p 


^(1) Given that | x | !^ 1, and tliat the positive integer n increasee without limit 



D^tennine the limits of 



and 


• 


p=l 


/ 


and writ(^tho last as a definite integral. ' 

(2) Determine the radius of convergence of the powcr-ecriea 



> 


Md discuss the behavior of the series on the periphery of the cirel^ of convergence. 
If for special values of c some of the binomial cocfficionts in the above series are zero 

t^e corresponding members of the scries are to bo left out. 

(3) Show that J==3,y =11 are llto only positive integral valuesof j andy whicheaUsfv 
the indeterminate equation ■ ^ 


A .^tangular coordinate system {X, r, Z) in space is turned with an angular 
yclocUy « about the Z-axis which is vertical. A straight, material, homogent>«.U8 
rod, whose ^thickness is neglected, of length 21 and mass M, is so placer! that its end 
pomte a and b move without friction along the -Y-axis and the > -axis. At a rcr- 
tain instant a is at the origin and has the velocity in the direction of the A'- axis, 
while 6 has a positive K-coordinale. Determine the angular velocity of ihcnxiin’ 
ita relive moUon with respect to Ihe sy8temr(-V, Y, Z) at a given instant; also deter- 
imne the relaUve, as well as the absolute motion of the end and of the middle point 
of the rod. If the sj'sterh (A', K, Z) h^ turned through 45® and is suddenly stopped, 
the rod will move further, since a and 6 slide without friction on Iho A'-axis ind the 
r-axiB. Determine the angular velocity of the rod immediately after the impulse. 


Discuss figur^ numbers, especially polygonal numbers and their application, to 
the representation of other numbers. 

Hcogaard gives a list of works used by candidates in preparing for 
such examinations. • 


P. HBEGAARD, Drr MathmatikunUrncht in Ddnemari (I. M. U. K.). Kfftienhavn 
Gyldendalske Boghahdel, 1912. 107 pp. 

A. ROHRBteHG. Der Ualkematudu UnterriM in DUnemark (Berichte und Mitteil- 
ungpn veraalaaBt flurch die I. M. U. K.. Zweite Fofge, I), Leipzig u. Berlin. 
Teubner, 1916. 8+69 pp. % . ^ 

J. 8. THORNTON, Pufcfic' and PnvaU th the North of Europe, London, 

. Boarf of Education, Special Reports, 1907, vol. 17, pp. 66-136. 

If. HEGLANp, The Danish People* s High School, including a general Account of the 
^ System of Denmark, (Bureau 6t Education, Bulletin, 1915, No. 

46.) Washington, 1916- 182 p|>. ^ ' 


' l+x+xHx»+X*=y». 


Ui. (4 hours.) 


Iv. CourM problem (10 hours.) 
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V. ENGLAND. . 


It has boon W(»1J n*r|iarkoU that— •. 

few nations show tlie inllueiico of so many different forces in their educational hiatorv 
« may he rocognized in that of Englancf-the church, the stale, economicconditiona 
privat».Miterpruw.^hiIanliirnpic endeavor, educBUonal Uicories-all haveltniribulcd. 
some I radii ion lo what is gradiially developing into a well-defined system. 

By hct of J899 a contra! Bonn! of Etlucaticfh was created. . This 
consists of a pn'sident aird various State repnWntativos. -the chan- 
cellor of the exchequor, and the secretary of the treasury, the act also 
providoil for a committee of 18 members (15 men and 3 women) to act 
an advisory capacity to the bontil. The number of membore in 
tliis oommitU'o wiis increased to 21 in 1907. . P 

The board is diviiled into four departments:' (1) Elementary edu- 
cation; (2) higher education;' (3) Uudmical education; (4) univereitv 
education. ■ ' . ' ^ 

SECONDARY SCHOO^. 

Tire secretarj' of “higher education” has 3 assistant secretaries 
and lo regular district inspectors under him; there are also 27 part- 
time inspectors. ^ * 

OV secondary school as defined by the board, is a schobl which— 

offers to each of its pupils a pro^essive course of instruction (with the requisite orirani- 
zation cumrulum, teaching sUff, and equipment) in the subjects necessary to a good 
piieral e<lucation. upon lines suitable for pupils of an age-range at lea^ as wide as 
from 12 to 17. This dofiniUon. which applies both to thow schoota^oAked for 
paal and lo thoae which, though not in receipt of pant, are placed the board on 
their list of efficient schools,* determines the minimum requircmaifi ' 
board must insist. , ™ 


ius'upon which the 


■ Th, term "hIglX education- « tmploytd bore to the work of th» ..a .f i).-.. 

ichwls,«uch as eTenlng schoob, whieh five Instruction « hlsher/* than «Hementair/' a naM 

of a conditions (including the provision for free Instroctltm 

a certain nu»*>cr of pupils coming from the elementary schools), annual grants are paid as foUowa- 

^ • pobllceloroemary school, £2. Foroach puplf^to IS nan of ua £t 

AO odditional anuit of « tor each pupU U tb 18 yarn of asa In . 

(ondltlona: (1) Provldas tor the piallmlnary aduc^Uon of akinoDtaty school towdian u hunan or 
^toachw oentar tomiiig an^t^ part of the school; <2) baa offend not laaa than SSpet cent of^^^ 

Of cwial^.^ta.rcon-d«wU.^ (A. T. Bmlth, i, Octop.dto .,% 

£7»l^“ “a tor tha tralnliu, of .wnaduy «*ool taaoban amoimtwl to .■ 

tor bon'!!L*!'u!‘^'l^ wtoa^a^ls on tha board of education Urt of “offldeqt'' Moondaty achoota 

■ ■ ‘ • I 


I 
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Those CEKlinal subjccU <\hich must bo taught in- every suoh school 
are: ^gl«h lan^ingo and litcmturo, at least one language other than 
EnghA, geography, history, math.inintica, science,.H)(l dniwimr, ,\n 
^^kuit siRools must be open for inspection by tlnj^oanF at all 

« “ I’"'’'*'''® V»Juo ns guarrinteent?^ that the 

schools mclu.led in it have been fouiid-hy_the holird to be idlicieni 
,no conclusions should bo drawn from the abs.-iice of the iiunie of an v 
particular school. There are many schools of high, imhvd of 
>^j«hwt, efiiciency which have not applie.l for inspection, ami which 
^ therefore not mclu.led in the “list.- ^h. for ...xainjde, are the 
. foUowmg nine “great ifiihlic s,d,ooIs.- kim;^ throughout the world 
as the schools p«tr.aii/;ed by rich ami noble families, and all founded 
^11 oxer dot) yea i>'ag,>: Winchester (foimd.Hl in l.iSd), Kt„n (I luii. 
.^tnjnstcr (1.5(U)^ Kiigby (I.VlTt. Harrow 057n. ('harteriams; 
(16^1), bhn^\sl)ury (!5ol), wlurh im*. hoanlinj: srliools; and the dav 
schools, St. Paul’s School (Io 0 ») nikl Merchant Tayl.irs’ School ( 15 ( 51 ); ) 
llio authority of tho Imard of «luen(iou has steadily ihcmwed 
Miice Its creation in IS??. This authority, however. l..<ai>, no n.s.m,- 
blanco to that centrali;te.l in the Freuch ministry of |.uldie i„.structio„. 

It ro*U upon the volualary .x«onl -civic ot iiHtiluti..n:.l auili,.rilivs .Iv^irmi., 
^Olslianng in the tre;f,iiry gratilo tir of promniinK ;iiutv of aim au.l .venoinv of 

nued by Uwat .othor,.tie., iiitoleranl of any piuTom hnicnta up.ni their ri-hie a-i.l 

Englan.1 1 « noted. Apart from their ma-lory of profe.-vional problem., 
these i^a.Uon, oiercisc groat influence oitlier by tlieir political alliliatiLs or by 
their elective organixatidNof popular opinion. ’ ^ 

The educational systeni, like the national lifu oj K.-,«la„,i. „„,j. ,,_„.a«os by 

Sreh^-p checks and 

' general rein t ions' hotwren tho hoard 

of education and socondrfry st^iooLs. A wide range of (l(.si.riintion v 

Tolll^** pT laverjiool InstiAt.", Ktoii 

^Uege, and Calhngton (. ouutySchool-and their organization dilfem 

la the ^hools with simpler organization there is usually a six-year 
couree^ ^rrospomling to the.s,, years ar.. " Forms ” niimh,.Y,.,| I, 1 1, 

T ’ variation of usage. 

1 II are m the “Junior dopartinont;’’, IH-VI in the “Senior 
• .department. In large schools whore there is more than one class in 
i the same subject the better^pupils are often pul in one class and the 
; lew adyancedMn another. Furthermore, there is sometimes bilur- 
cation t^ugh^ection on.the part of students oPtho “classical side, ” 

. Latin and Greek; as opposed to the “ rtiodorn side,” with French 


• Ann. T. Shtflb, Id Eooroe’a Credit of auouion, vol. 2, mi. 




and Gorman. Occasionally one fintts JJio "scicneft side” and tho 
“Woolwich side” (as at H arro\^ dth emphasis on mathematics and 
natural science. But no sihrIo schomo can ho indicated which would 
give an appro.ximately definite idea «*f any large group of schools, 
8<)ine particulars may, however, bo given of two " efficient’’ schools! 
(1) The Liverpool Institute, with an annual attendance of about 500 
lH<ys, and (2) tho Bratlford Grammar School; and of a certain ideal 
srhool. ' ^ ’ • 

-\t the Iiystiluto the forms may bo arrangod in schematic array os 




1 !*" 


IV 


V. 1 

1 j 

r' -I 



1 


J.Ic 



, y 

VI. [ 


!/ 

N 

1 1 

' R. 


'h 

1 \ 

VJ» 


i 

VI. ; 


C 1 assical 
side * 


Mod era side 


Junior 
depart iiienl. 


Senior department. 


We find here after V a “Koinovo” form (R), often called “Shell." 
.Siiuo I, Uml Ig lue tho same, tho Inator |>upils can be j>ut in olia 
group and the less advanped in the other. The subjects stu<lied and* 
tlie distribution of hours is displayed in the anne.vcd fable: 


. SubjM'ts. 


Scriiitur* 

Uim 

Crwik 

■ Krqncb 

f>ernnu) 

<i^<Str«phy 

. History 

* UuTatur* 

(omposiUon 

Grammar 

R«a<liiis 

Wriiiagandsp^llinf;. 

MaOmmaiics 

Thystes 

Chainistiy 

Drawing ] 

'Vtirkahop....'.... 

gSff;:*::::;:;;;;: 


Junior dqxartnutil. 


Hdurs^wi 


n 


Ha I'll, j Uc 

r! ^ 

3| . 3i 
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8<*nfor tJ(«parlmfnt. 


IM 


27 j26| 


3| 


27 


IV 


27 


I 


H. 


27 


lU 


VI. 


4 

4 


<>) 


Vik 


* Etch boy's tlrna Ubl« la upper sixth ii msde up to 27 hours b/ citcUv^i, 

aon78*— 1 


VI. 


V 

3 


/ 
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‘ Norwood aad Hope planned courses in ideal schools preparing for 
business life and for into a uniyereity.* The following is the 
scheme of work for the I^ter: ^ 

. Ideal eetutol teheme of work leading to university matriculation. 


Subjects. 

\ 

Prepara- 

tory.. 

Lower course. 

> Classical special- 
ists. 

Other specjali.sts. 

Age (about). 

Age (about). 

Ago (about). 

V/ 

Age (about). 

. , 

10 

11 

12 

13 

14 

15 

H 

17 

18 

16 

17 

IK 

Relision 

1 1 
6 

1 

1 

3 

I 

1 

1 



1 

1 



"7 — 

English ; 

1 , 

1 

1 

1 

I 

Latin 



Q 

O 

A 

'2 

A 

2 

3 

} '* 

2 

2 

3 

2 

2 

Greek 




D 

o 

1 A 

6 

20 

23 


3 

3 

French 

g 

A 

£ 



6 

1 ** 

4 

^ 4 

German 


O 

d 

6 

3 

*6 

3 

e 

3 

^3 

2 i 

/ 3 

1 t ^ 

3 

4 

, 3 

, 2 

History 

Geography 

3 

2 

3 

2 

2 

2 

2 

2 

2 

2. 

2 

2 

3 

*1 


4 

3 

Matneniattcs 

Natural science 

6 

6 

6 

6 

3 

6' 

!::■■■ 

5 

3 

,5 

2 

3 

2- 


16 

1 

17 

Botany and zooloky 

Writing *. 

2 

• 2 

3 

f ® 






1 ' 


Drawing 

Workshop 

3- 
^ 2 

**•*2* 

.2 

. 2 

‘***2* 




...... 

...... 




Class hours per week. 

3^ 

32 

32 

32 

32 

32 

32 

32 

32 

32 

.12 

32 

, 'Sunday service is also to be attended. * 


! F**^®*^ <^^^ek or German is selected. 

I tkI?® k French Is usually elected 

t These hours may be divided at wli between these subjects. 

The other" efficient ’’schohl,-namoly, the Bradford Grammar School, 
with about 200 pupils, has a somewhat different organization, alTff Its 
course m mathematics is. among the best ill England.. We have here 
a “classical side" and a “modem side " In the form* the coureo 

lasts nine years, in the latter eight. “V’kfor the aWenth year “clas- 
sical" and sixth year “modem"; “Remov e classi^" or “Matricu^ 

K-! especially well equipped to prepare pupils for university ibilrlculstlon it should 
be noted that rach preparatlon is not now unusual In any secondary school, even though there be only an 
ocawtonal pupil tfi be m prepared. But under* new regulations of the bill not yet an act an attempt 

their own schools. In connection with Its discussion of the relations of thV 

>< Thrs^Miatlon proper to the upper part of s secondtry school Is to bp dbtinguahed Mm the sdccisI 
00"“*“"“* • propof pnp«r»tlon for univenity worh, does not a/tlclpsto « 

either In the ttethoda of Study or in the nature of the curriculum. "ft P" 

^ *' Candidates for degrees In mathematics or science will from Uie time they enter the mi venirv 
d«ote *>>ole of their time to the study of mnthemntics or of one or mord hrdnehes of science* While 

scl^rTnh !idd T! ^*1 *” *»PP«") limited in say way. Those who propose to stuiy natural * 

adenee should continue to give an adequate amount of tlihe to the etudy of mathematln And 

°>«“»f™»« l«nwaiieuld, similarly, coMlnne to do work (including practical work In the lab- 
ontorjOata^abrai^ or branehea of natural sclenoe. Thaboard also ccosMer that tbosa who will after, 
wa^ be en^ly oooupled with mathematical and aoleotlflo Work should; so long ah they are at achsbl 
ojmttou. to gfr. a autatintw amount <d 

SngUih langu^a and a gooJ.acqi ialut a no a wtth othas languages will ba In ilht» tmi* of evMW ** ■ 
mli^t aoqulra at s^ooL If la, mpreoro of grsat Importanoa that by the continued study of sdlaotJl 
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lation” for eighth year “classical”; “Matriculation”- or “Remove 
-K-science and mathematics” for seventh year “modem"' Sixth das- 
sical for ninthyear" classical” and “Sixth science” or “Sixth mathe- 
matical” for eighth year “modem.” The following is a synopsis of 
mathematical work. 

/Ve/)flratory--Arithnielic: Elementa. ^ 

^“■‘■Arithnietict Us© of docimal numbocB and fractions; factoring; highest common 
factor and least common multiple; use of brackets. 

Algebra: Introduction to algebraic syihbolism. ^ ‘ 

Geometr>': Fundamental concepts of^metry, such as line, point, diction, 
triangle*;, solids. Intuitive an| practical ihtroduction. 

II Arithmetic: Repeating numbers; coins, weights, and measures; profit and loss; 
simple interest. • 

Algebra: Very simple equations to fix the idea of algebraic^dymbolim. 
Geometry: Construction and,mensuration of bodies; sim^e division of bodi^. 
Ill Arith^ipetic: Ordinary\nd decimal fractions; rule of three; square root; per- 
centages. ^ ' i * 

Algebra: The four fundamental operationsVith applications; equations of the 
first degree; graphs. . . V * 

Geometry: Angle, triangle, para'llels; the pimple bodies; exact drawing and 
* measuring; simple exercises. ' , ' ^ 

IV— Arithmetic: Harder problems in fractions; change of ordinary fractions into 
decimal numbers and conversely; abbreviated calculations with decimal * 
numbers, and simple interest calculation; rebates and discount; logaritluns. 
Algebra: Breaking up of sums into factors; simple qu^ratic equations. 
Geometry: TJarough propositions on tl^ circle ^dbo/t equivalent to Books 1-3 
of Euclid Elements). ' / ‘ 

Trigonometry: To the si^ution of right-angle#triangles. 

V Arithmetic: Bank, rebate, and d^ount calcdlation; stocks and shares; interest 
^ and annuities. 

Algebra: Quadratic equations and problems; theory of indices; logarithm!; 

^ series; permutations and combinations. 

Geometry : To similar figures (H^iclid’s Elements I-V). / 

^ Trigonometry: Logarithms; measi^ment of a calculation of heights and 
distances; solution of triangles. . ^ ^ 

ifafricufarioTir—Arithmetic: General re.view. 

Algebra: QOadrotic equations; arithn\,etic and geometric series; calculation of 
f roots; proportion*. ^ 

Geometry: Through theory of similitude (Euclid/s Elements^ I-VI).* 

Elementary mechanics and hydrostatics. 

Remove science and malhemaitct, * * 

Algeb^: Theory of indices; logarithms; equations; ^es; graphs. ‘ 

Geometry: Through theory of similitude. ^ . 

TrigonometJ^y: Solution of triangles; goniometry. 

J Mechanics and hydrostatics. 

Remove diueicaL ■ * . • , » 

Algebra: Fractions; highest common factor; least common multiple^ square* 
root; equations of fiiit and second degree; logarithms; piop^ion; series; 

. graphs. ♦ . ’ 

Geometry: Thimigh^ecvy of simB^^ 'M \ ^ ’ 

» l^Uh regard to solid gaomstry In Engllih rhirnl pnrjrsniaj^aifwns msj tjs ^ 

report in the JValUfMttoalOsMfif, Jmaary, 1014, Tol. 7, ^ 
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Sixth matheriiatict. 


P'*"® trigonometry; etatice; dynamice;. .^roataticr 
SS “•* “‘‘y*“;,«®®“®‘'y: “Odom geometry; .diflerentialli^te^ 
Sixth science. ■ ■* ( ' 


'h^rosti 


But whij« such uilonsiye luatheiuMipiJ couisos as theso may bo 
m secondary sclioob, there are many schools where the math- 
ematics mcludes only anthnjetic. algebra to “progressions,” and 
gwmetry eqmvalont to Books I-HT of Euclid’s Elements. In some 
spools, also, neither thA■Jgo^)^u nor the goomotiy is even so ox- 
tmsive Bs this. - In other schools permutations and th» binomial 
integral index an<^e equivalent of Book VI 
lit su?'2ct*^ sin^tude) are added; but the 

interestin^d important ae it ie. is too often wholly omitted because it is not in 

u’’ “i»‘riculation examination, and therefore is 

aptuatf^mco,^ m those schools (still too numerous) where it ii reeardTasTan 
gerou. to p a hair-s breadth beyond the examination syllabus. It iSSrW" 

The programs of studies in secondary schools are largely deter- 
mined by the imiyersitios. This occurs through the influonco not' 
only of matriculation examinations, but also of such examinations* 
nf boards,” of the “Oxford local examinations, ".and 

of the Cambridge local examinations.”* Those latter (local) exami- 
nations ar© of throe niain types; 

1. Preliminary (for pupils 12-14 years of age); , 

•2. Junior or lower (for pupils 14-i® yoars of ago)f 

,3. Senior of school or leaving examinations (for pupils 16-19 
years of ago). r t 

This scheme of examinations was established wolHover half a 
ce^uiy ago, but not mahy years had passed before a standard 
oxi^mmation corresponding to univereity q/atriculation was de- 
manded^ and to meet this demand the Oxford and Cambridge joint . 
board was called into existence. jvun 


— ^..toas'Mooal*' 

at the universities. 


* Ml. 
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This board conducts examinations for three certificates: 

1. Lower certificate. • 

2. School certificate, . 

and a third certificate to be referred to later. - 

Corresponding to the matriculation exammations of the Uni- 
versity of London* are the “rosponsions’' at Oxford and the “pre- 
vious examination “ or “little go “ of Cambridge University. Bmidly 
speaking tjiese examinations, the Oxford senior local, the Cam- 
bridge senior local, and the Oxford and Cambridge school certificate 
imve the same value. Some characteristics of the mathomaticar 
parts of these types of examination^ may bo noted by studying the 
papois given in Appendix A^ Into those characteristics I shall not 
go further th^n to remark that all examinations ^re written, and suc- 
ce^l candidates are rated as “pass” or “honor” (firet or second). 

fjomotimos to attain “honor,” questions on “additional math- 
ematics and o^a more difiioult nature must be answered. 

But there are yet other examinations for which many secondarv 
schools prepare pupils.. These are for tKe ont^ictf scholarehip ex- 
aminations in various universities of the pountiy. 

"Cholawhip examinatione at the Oxfoid and Cambridge colleges am 
^nduct^ on pi^tically identical eyetema .and differ but alightly in^etaib ' At a 
ough estimate, the Cambridge colleges award 60 or more scholarships, exhibitions, 
SrZ year lor proficiency mathematics. Their valu; varies from 

£39^ £80 per annum. The Oxford coUegeeannually award for mathematics about 
M whol^hips of £80 and 10 exhibitions of from £30 to £60. Host of these are ten- 

^ K ^ ^ ye»«. "Object to 

The subjMls of exaramation in both universities are; Analytic and synthetic geom- 
etry, algebra, trigonometry, differential and integral calculus, imd m^anlcS: ^ 

buUetin” Cambridge in 1910 are given in Appendix B of this 

The preparation for the entrance scholarship examinations is 
similar to that for the^'higher” examinations^theijassing of which 
confers certam rights in university and college. Among such ex- 
aminations are the Oxford higher local, the Cambridge higher 
lo<^ and that for the higher certificate of the Oxford and C^m- 
bndge schools examination board.* ' 



52 TEACHERS OF MATHEMATICS FOR 8ECONDABT SCHOOLS, 


^"the preceding pages some of the, notei^orthy features of the re- 
lation of secondary schools to the gmeral educational scheme have ' 
flescribed, their wide divergence in ideal and in work has been 
illustrated, and the nature of mathematical courses taught has 
been indicated. The prominent ^61e played in the school organiza- 
tion by preparation for examinations by various boards of examinere 
suggests the thought that' much of tto eneigy of tho^teachere and 
pupi,ls must bo unfortunately diverted to attacking certain types of 
problems and examinations, rather than to developing a mastery of 
■the subject in question. But this evil has boon recbgnixed and is 
being dealt with.* • . 

Having now observed what mathematics is taught in secondary 
dchools, we must next consider one of the main features of the prep- 
aration of the teacher for his work, namely, his course in one of the 
* universities. 

VNIVERSITJES. 

,The universities of Elngland are situated at Birmingham, Bristol 
Cambridge, Durham, Leeds, Liverpool, London, Manchester, Oxford,’ 
and Sheffield; there are also university jcollogos at Newcastle, Notting- 
ham, Reading, and Southampton. All of those institutions, wirh 
the exception of those at Oxford, Cambridge, and Durham, receive 
Government grants. The annual attendance of day students is about 
12,000, of students qt evening classes about 8,000. In addition to 
these there are at Oxford in the vicinity of 3,400 students, at Cam- 
bridge 3,700. 

^ The organization of such universities as those at Birmingham and 
yJieedsespeciafiyreinindsoneof that.at the better American universities. 
The Umversity of London, long merely an examining anil, degree- 
confemng institution, was reconstituted by statutes of 1900 as a ^ 
teaching university and a federation of 26 colleges and schools giving - 
instruction in arte, law, medicine, theology, science, engineering, eco- 
nomics, and musie. Sons of hoble^ailtf wealthy families who sock a 
university education usually go to either Oxford or Cambridge. • Here 
one finds many of the most brilliant students oY the country, those 
who have won in competition onq of the numerous entrance scholar- 
ships. Itisespeciallyamonggraduatesof these universities— homes of 
culture and all that is finest in English life— that teachers for second- 
ary schools are sought. As Cambridge is preeminent in mathematics 
in England, teachers of. this subject are' much in demand among 
honors’’ men there. v •• 

. For defimten^, therefore, I shall confine my brief comment to 
, ,th(B Universities of Oxford, Cambridg0f and London. 

It 10 well known that Oxford 21 colleges, each with its. own 
teaching st^ff of tutors and; lecturers; that each student is assigned 
^ — ^v- 




* Compare Ur. Jolttto'i paper, f^peolidl^pp. xyau. 
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to one of these coDeges and'lTas a'tutor to whom he looks for guid- 
ance, advice, and inspiration in preparing for the various examinaiions 
of his university career; and that this preparation demands a high 
standard of scholar^ip. Great stress is laid on ease and facility of 
expression, oil the ability to form* independelfTTudgments, on origi- 
nality, No one can got “first" in the dass lists on mere hard w^rk 
and “grinding," or by a display of erudition and an imposing Array 
of facts. The strain of the examinations, especially in thp final 
honors school, is very severe. At Cinbridgo the schem^ very 
similar. _ ^ ^ 

Inwall three universities the courses lead normally to a “pass- 
degree" or an “honors-degree," as bachelor of arts; the pa^ B. A. 
is attained three years after matriculation. The principal examina- 
tions may be exhibited in t^je following table: • 


Univertity examinatiom. 


Examlnstlons. 

Oxford. 

Cambridge. 

London. 

Entranoe 

Resnonsfons 

Pravlntiv 

Matriculation (matrlb.). 

Pass intermediate or pm- 

_ limlnary arts [after 1 ycarT 
Pass final [afteg 3 years]. 

Intermediate... 

i 

c 

1 

1 

A iwii/ua * * * 

Pass D. A. ...... 

[after 3 terms]. 

Tripos Part I [after 3 
years]. 


. Examinatumi for the honon B. A. 

EzaminatioDs. 

Oxford. ' 

■ Clambridge. ' 

London. 

Entrance, r 

■Resplonsions 

^vtous (Uttle-go).... 
Tripos Part I [after 3 
years]. 

Tripos Part II [after 4 
years]. 

Matriculation (matrfc.). 
Honors Intermediate or Honon 
preliminary arts [after 3 
yean]. 

Honon final [after 3 yean]. 

/ 

Intermediate... 
Honors B. A.... 

Honor moderations (honor 
mods.) [after 5 terms]. 

Final honor school [after 4 
years]. 


Xiet suppose that our student wishes to pursue mathematical 
studies in the honor school at Oxford. He will be allowed toepecralize 
almost to his heart’s content. According to the regulations of 1913, 
the following is the examination program for the* final honor school 
of mathematics, which is one of nine schools. \ 

Algebra, including the elements of the algebra of quantics; theory of equationa; 
trigonometry, plane and spherical; infinite aeries and infinite products. 

Geometry, pure and analytic, of twoHuid three dimenaiona. 

Differential and integral calculna; differential equations. 

The elements of theHheory of functions of a complex v^blo, with applications 
to the elementary functions and to elliptic functions. . i 

The elements ^ the calculus 6f finite differences. . ^ ' 

The elements of the c^culus of varialionia. ^ 

Statics and dynainicr jf particles, rigid bodies, and string; the elements of ualyticdl 
dynamics; statics of rods slightly bent. Hydrostatics; the elements of. hydrodynamics* 
waives on tiquids. • . ' 

Attractions; theory of potential. • ' /'* v 
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ElectroetAtics; magnetMUtips; steady electric currents (flow in linear circuits 
lamina, and solid bodies). oicuus, 

cu»rent8, induction): electitxiynami» 
" 1 ^ » • 

Vibrations of strings; propagation of sound; vibrations of air in piiJes. ^ 

The ol6ineDt8 of g^^ometricftl optica. 

Spherical astronomy. . ' 

Half of 10 examinations in this program are -in pur6«id half, 
m applied mathpmatics.,. They occupy about 30 houi^, on 6 consccu- 
tive dlftys. . * 

Oxford Concedes that the most talentecf of Enjlh mathematical 
students usua% go to Cambridge. It is not surprising, therefore 
that the program for the tripos examination is much more elaborate ‘ 
than even that for honors at Oxford. On the other hand, the mathe- 
. matical opportunities for the specialist in the University of London 
are riot as numcrhus as thoso'af Oxford.’ 

But while it is possible that a graduate of one of these universities 
may have received a very broad training in mathematics, it is also 
true that he Play, at the end of his courae, know no more mathe- 
matics than are reqmVed for rcsponsions, namely: Arithmetic, and 
. either Luchd’s klemorits. Books J-II, or algebra. 

TEAOHERS IN SECONDARY SCHOOLS. 

Tlie organized training 'of teachers for English secondary schools 
18 in Its infancy and pxtends at most to a postgraduate year in a 
^versity. Fo^ riearly a decade the board of education has given 
toancial assistance to institutions training secondary school teachere 
but while thw feature is being increasingly emphasized, it is never- 
thel^ true that less than 40 per cent of the total number of secondary 
teachere (of bcyrs and girls) have had some training, and that not 
more than 15 per cent have been trained for the specific work in 
which they are now engaged. ... , ^ 

According to regulations which went into force in 1913, students 
ipay be trained as teachere in secondary schools in (1) training col- 
leges, (2) certain secondary schools. - . 

In order to be recognized as a training college under these regula- 
tions — ^ ^ , 

<l«P»rtinent of sniMtitoUon oiganized ‘ 

- principle* and practice of teaching axially 

I. 

of Edoeetleml Bnhl«4. 

■ '•W”™ ™th.ni.tt»l pm,:, 

»U^p M.lh.m.tlc .1 Student," Vol. A 
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colle^ course must be confined to purely profeasional inetruction. 

U provision naust be made, in secondary schools approved by the 

bwd foT this purpose, for the instruction and practice of4tud^ts in tdachinir and in 
school orgimization and management. \ 

(i) If tlie training college ia a department of. a secondary school, this conditions 
Diay be satisfied, provided that the student has ample practical experience during the 
year of training in the school of which the allege is a part. 

6. The course musr extend over not less than a full academic year. 

7. At least 60 school days must be spent in contact with class work under proper 
supervision in schools approved for this purpose by the board. Not less than two- 
thirds of the teaching practice must be taken in a secondary school or schools. 

Twining of teachers in secondary schools may bo carried on under 
the following conditions: 

21. (a) The school must be on the list of secondary schools redbgnized as efficient 
• by the board. 

(h) Any person proposed for recognition as a teacher in training must be not less than 
21 years of ^e and must have obtained an approved degree conferred by some uni- 
v^ersity of the United Kingdom or some other university bf recognized standing. In 
the ^ M not eligible to receive a d^eo, a certificate showing that 

fihe^has fulfilled all the conditions which entitle a man to obtain an approved dewee * 
will be accepted for the purpQse of this article. ^ 

^ (c) The course followed by a teacher in training must provide for a systematic 
couree of study both in the practice and in the principles bf teaching in accordance 
with a schpme approved by the board. The scheme must provide in each ease for 
a ^cial ^tudy of the methods of teaching a particular subject or group of allied 

(<f) The course muet extend over not less than • full school year. The whole yhsr 
must ordinarily be spent in the school to t^hich the teacher in training ia admitted 
but arrangements may, in certain cases, be maJe for the absence of the teacher from 
the school for pwt of the year for the purpose of attending a course of instruction in 
the principles of teaching at a university. 

(«) A school will only be approved for the purpose of this chapter if the head master 
or head mistress or some other senior member of the Staff is specially qualified and 
has the necessary interest and leisure to supervise the teacher’s training, 
f 22. When a teacher in training has been trained for a year in an approved school 
under conditions which the board can regard as satisfactory, the board will indorse a 
certificate given by the head masleror head mistress of the school stating that the 
tocher hu completed the period of training in a satisfactory manner. * 

. The regiJatioM give also a “List of qualifications other than 
aegroos which will be accepted as qualifying students for admission 
to training colleges.” These are: 

I. A Wpos certificate granted by the Unlwraity of Cambridge to women, provided 

that the examination taken waa one. which, if passed by a man after three years' 
residence, would entitle him to a degree without further examination. ■ Women • 
students who have been allowed the ordinary degree in a tripos armninaH^n will be 
r^arded as poss^ng the hecessary qualification. • . , 

II. A diploma or certificate showing to the sati^acdon of the board that the appli- . ' 
cant, if a woman; hM ^filled all the condi'tioiis which, it the University of Oxford 
IpwtM degrees to women, would entitle .her to a de^ee in that university; so that ■ ' 
she has obtained honors in the second public examination or has paswd the first and 
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second public examinition'. at thM university or such examinations os are acceotsd 
by the university as equivalent thereto. ^ 

- III. A special honors certificate of the higher local examinations (Oxford and 

Cambridge) granted under the follotring conditions: 

(o) That the certificate includes at least a pass in tprolanguagesfother than En»lish) 
and a pass either in mathemitics or in l<»ic; and 
(») That the holder either (i) has passed in four groups or sections, obtaining a 
firat or a-second clan in at least two of them; ot (ii) has passed in three groups 
of sections, obtaining a first or a second class in at least two of them and 
holds in addition (1) an Oxford or a Cambridge, senior local certificate in 
honors, including at least one subject not included in the three higher local 
grpups or sections, or (2) a highet certificate of the Oxford and Cambridge 
. schools examination board, gained in one year, exclusive of drawing and 
- music, and including at least one subject not included in the three higher 
local groups or sections., . 

Among the institutioria recognized as efficiort under regulations 
of the board of education for the training of teachers for secondatr 
schooled are: .(1) Departments controlled by, or forming part of, a ' 
. university or university college; (2) training colleges provided by 
other bodies. ..Departments of the first type are to be found at 
Birmingham Univoreity, Durham University— Armstrong Colloge, 
Leeds University, Liverpool University, London University, Victoria 
University, Oxford University delegacy for the training of secondary 
teachers, and Reading*Univcrsity College: An example of a traming 
college of the second type is the Clapham High School, in London. 

To illustrate, the methods of operation, some details follow with 
regard to organization in units of each of these typos. For the most 
part the statements have bepn made by the institutions in qucstJoik 
(a) University of Liverpool.— It is littlp more than a decade ago 
that is diploma in educption for graduates, along the present lines, 
was established. The courses of study qualifying for the diploma 
were placed under the ^ntrol of a special board, in organic relation 
to the faculties of arts and science, and including persons representing 
secoiidary education in the city. ' 

Candidates /or the diploma must be graduates of some university 
Kingdom, or have obtained such other . academic 
qualificatioiis ^ shall.be approved by the senate of the university. 
Before admission to the examination candidates present certificates 
of (1) having fulfilled the conditions as to tactical teaching, and 
; (2) having attended for at least one session’ subsequent to their final 

examination for a degree a course of study approved by the dipldhis 
board. 

The diploma examination consists of two parts, theory and proc- 
tiw, . Candidatea aro^required to pass written examinations in the 
jptjmlowiiig subjects: 

a MmMteri; Mooad pubUc tkamliuUoa-exu^tka 
t One Msslop conatJtl pf 8 Urmi of about 10 wMkf each. 
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1. Logio, ethios, imd psychology, including psychophysiology,, in 

their application to education. • 

2. Principles of education, with special reference to methods of 

^aching the usual subjects of the secondary school curriculum ; 
principles of general physiology and school hygiene. 

3. prescribed period of the history of educational theory and 
practice. 

In respect to practice, candidates are judged (1) upon reports by 
the professor of education, and (2) upon written records of their work 
in school atad upon their teaching before the examiners. Candidates 
are required to attend at approved practicing schools for a period of 
at least 250 hours. They are, as a rule, attached to one school 
throughout the session, and, so. far as possible, they undertake work 
such as would be allotted to a member of the staff. They also attend 
lessons given by members of the school staff and study the methods 
of teaching the special subjects in which they al^ interested. The 
general supervision of their work., is-in the hands, of the univereity 
staff, but each student is also under the direction of one teacher, who 
reports on his ingress. The Students are required to keep a record 
of teaching obseiyed and of courses of lessons given, to be submitted 
to the examiners. . ' . 

The fee for the complete course is £10 and the examination fee 
is £2 additional. . ' 

(6) Clapham High School , — ^The department for the training of 
teachers for secondary schools was opened in 1902. Students desiring 
to enter must possess a degree, or equivalent qualification, or hold a 
higher local honor certifilcate. 

Throughout the coxirse students follow lessons given in the school 
by experienced teachers. They themselves also teach, under super- 
vision, which is relaxed as they gain experience and power, lliey 
learn the -various duties of a form' teacher by being sent as assistants 
in a form, for not less than half a term at a time. Visits are paid to 
other schools of different t^-pes, and students give criticized lessons 
in outside schools. Lessons are foUowed by general discussion, with 
the specialist in charge of the subject. 

The course covers three terms, and the plan of study includes 
instruction in the theory of education, based on psychology, logic, 
ethics, and the history and practice of education. Instruction is ^o 
given in the use of the blackboard, voice production, and school 
hygiene. . 

The fee for .the course is £24. ‘ ^ ^ 

Such organizations ^ve^omise of a more efficient group of sec- 
ondary teachers in the near future. Not so long /ogo— 


of the 9,126 full time, teachers [men aind women] in secondary.edioolB which received * 
.grante frohi the bdvd of education, 5,S48 were without profeflaional tiaining. Of thii 
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^up of untrained teachfrs 2,731 were also without degrees from college or uni vctsity 
The total number of secondary teachers without degrees was 3,716. ’ 

It appears that very few secondary teachers appoinfed in the last ' 
decade have not had the equivalent of a university course supple- " 
monted by prncticar training. But even so, it is noteworthy tliat a 
university p-nduate may bo engaged t* teach a subject about which 
he has not increased liis knowledge since he Igft the secondary school 
As Mr. Fletcher comincnts: It is “a matter of grave concern that 
half of our mathematical teachers of boj^s and girls, have had no 
instruction ii> mathematics beyond what they hav«Juul at school.” 

If wo consider only the best grade of secondary schools for boys 
the scholastic equippient of the teachers in the subjects taught raiiki 
high, the, work that the teachprs do characterized bv great thor- 
oughness, and their pereonal induencoAs such as to inspire the finest ^ 
ideals of manhood. ^ ^ 

I have boon unable to procure any comprehensive statement of 
salaries paid to teachers in English ^wjoiidary schools.. But oven if 
such a staten^ent has not boon publishe'd, enough has come from ’ 
authoritative sources to demonstrate tlie wide variation In salaries 
and, in most instfances, their great inadequacy. The serious effect 
of this condition on the personnel of tlic teaching forces is now 
generally recognizeij, and it isjmpcd that tlirough the authority of 
the boaVd of' education much needed reform in this connection may 
he brought about. » * 

In August, 1900, Dr. W\ H. D. Rouse, headmaster of the Perse 
School, published some strikjng facts wllich would Seem to give a ' 
true presentment of general conditions at the time.* lie found that 
the average salary of assistant masters’ in 300 schools niontionecT 
in the returns of the Charity Commission was £ 135.22, and that V 
'similar average for 20 East Anglian schools was £ip3.6. 

In 11 Bmaller scWla the av^ge salary is £52, apd these data combined give a " 
sum just below £120 as the average salary of the assistant. Residence, i. e„ board 
and lodging, is included in some cases;, but we may Ipave this out ojtaccount because 
it is payment for extra work done out of school. The Victorian public scbciols, such 
aa.Clifton, Cheltenham, and Marlborough, and others which though noted in the past 
m of late growth, such as Tonbridge and Bedford; are not included in the above 
list, whicb is meant to illustrate the usual condiUon of country grammar schools If 
these be included, the average will be slightly raised. At Cheltenham there are one 
or two posts at about £300, one at le^t of £100 only, and the others range from £200 
to £^ as a jule. Clifton and Marlborough do not greatly differ. The state of things 
in Bedford is thus described by one who knows: There is no scheme of oUarios in 
either of the two big ^oola. Each man fighu/or whai he con get; if he rnakm a good 
bargain to start with, *ell for him.** A.few years ago tho average «lary at Bedford 
Grammar School was £174, but many form masters receive £150 or lc«, soine under 
XIW, all theee being nonreddent: At Tont>ridge there is in my table only die salary 
higher than £200t There isysually no automatic increase. If a mast^ iris hes to 

» «*SillbMia Seoondarj 8choolj,« Oontemponrf Rtvkw, vbl. 78, pp. 275-380. 


EMOLAND. 59 

• m»rr>- or thinks his inproa^ pxpPripnco malkps his spryipps more valuable, he may 
have to get another poet (if he can) in another school, As to the smaller s/-h ~» | s_ the 
_sccsnnt of the carejjof a Cambridge B. A. of my acquaintance may be of interest 
Hq b.>g8n in AnMver Grammar School at £15. resident, and after several moves from 
one pri.vate schodl to another, where the pittance was somewhaUncrcased, he attained, 
after nine years’ experience, to the magnificent stipend of £140, nonreddent, in the 
pani.maf school of a country town which for his sake I forbear to ihenUon. A London 
It. whose lifg story is also before me, now receives £130, nonriwdent, after 18 
years’ experience. The same pitiful stOry comes frem scorest of small’ rountry 
•chfHilfl. . r ' . ^ ^ 

The hoadma^tore’ salariefi prcFcnt a pleasing contrast. 'In the bost-paid of the 
schools mentionod/Tonhridgo, the hoadmaatcr receives £5,000 and upward whilo 
hi? jLssistante have less than £200. The iisualaverage is ten times that of the assistant, 
falling to five times in the East Anglian schooUahd even occasionally to lew. So faras 
my knowlodgi^goes (and as n*gards some of theee schools it is not negative knowledge) 
neither headmaster nor governing body has expressed any dissatisfaction with the 
Male of affairs 'or has ever considered means whereby the salaries of assistants might 
be iK*mianently improved. The chance of suawding to h boarding hoa-c keeps 
hojw alive in some schools, and this rather than the earned reward of merit would 
peem* to be the present educational ideal. * J 

Tlio foUowing de'finito indications of salaries in four typos of 
secondar}' schools were taken by ^>^^'ood and Hope in 1909 (pp, 
5(>7-56S) from a list issued by the assistant mastere' association: 

A. LONDON I^IIOOLS. 

1. CtVy of lAmdon School. 

{q) V pper scalg, £300, rising to £450 by annual increments of £5 15e. 4d. 

(6) Ix)wer scale, £200, rising to £350 by same increments. Five mastera 
are paid on the higher scale and 15 on the louel. 

2. ^ Mercers' School. • . 

(а) Upper scale, £160, rising to £300, 

(б) I^Mrer scale, £120, rising to £200. 

B. PBOVlNCm SCHOOLS. , 

1. Manchester Grammar School. * 

Ordinary scale, £180, rising by £20 every two years to £300 

2. AVnr; Edtt nrd VI J Schyol, Sheffield. 

^^{a) Five ma-'-ters, £220 to £250, rising by £10 annually to £3W. 

(5) Five masters, £ 180 to £200, rising by £ 10 annually to £250. 

(c) Five masters, £150, rising by £10 annually to £200 

C. MUNICIPAL SECONDARY SCHOOLS.' ' ' 

1. l^urnemouih. . 

/ £120, rising to £150, with three special salaries of £170, rising to £250- 

£160, rifling to £200; £140, rising to £170. . ’ . 

2. Hartlepool. ’ 

£150, rising to £200. ' 

1). COUNTRY AUTHORITIES. ♦ ' 

1. London County Council. 

f 150, rising by annual in.crement8 of f 10 to X300, on iiathtactory reports, 
with further imnual increments of XIO to' X350 ' 

2. Sutrey. * 

Nongraduates, £100, rising by annual ihcremehta of £6 to £150. 

Graduates, £130, riamg by annu^ incretmhnts of £7 10s! to £250. 
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Provision for the pensioning of^tej^hors in secondary schools is 
certainly meager. ^ 

A number qC wealthy endowed secondary schools have for 5 »me*time had indi\idual 
popaion systems of their owb, operating unddr prm'isions of their reepertive schemss 
of government of rharteis, most of'which were recei\*ed under the endowed schools 
acta for England beginning in 1869. ^ • *. Also ki a few casc^condar>» teachers 
in schools under public manageif!eBt have been pensioned by local authorities. With 
these exceptions there has been nothing remotely approaching any general provision 
of pensions for secondary teachers. ^ ^ 


0. WOLFF, Z)er VMthematische Untfrritht dn hdheren KnahemthuUn Englandt, (Be- 
^ richte und Mitteilungen veranUuwt durch die Internatiehale Mathemati^i he 
Unlerrichtskommission.) Leipzig, Teubnerj 1915. 6+207 pp. 

To anyone outild^f Koxland this work has met a creal need because of the inadequacy of the 
nporu iHiblished bylhembeTs of the fntemaf tonal Comm'isston from the United Kingdom. 

Mfmomnda on Teaching and Orj/onuofion in Stcondary SdiooU. Curricula of Secondary 
Schools. Board of Education, London, 1913. 

, Rtgtih^fufor the 7Vomin*</ o/ 7Vo(Arrs for Secondary ^ScAooZs. (Ii# force August 1, 
1913.) Board of Education, I>ondon, 1913. ' 

Special Reports on Educational Subjects. 7Vo<Ain<7 o/ MothematicM in the Unftrd 
Kitufdcm, being a series of papers prepared for the International C'ommi&'*ion - 
on the Teaching of Mathematics. Board of Education, Ivondon, 1912. VoU 
26, 27. 588+339 pp. , 

Amonjj others theee reports contain papers: By W. C. Fletcher, '*Tho position of math^atics 
In Aoondary. schools in Enifland C. 8. Jackson, ;<T1^ calculus as a school subject W. New WAA. 

Higher mathematics for the classtoif sixth form L. Dixon, Hat hematicaJ examinst tons st 
OxtortT*; A. Berry, ‘'Recent chan^ In the mathematical uipos at Ca«pbrid*ge F. S. MaoauUy 
and W. J. GrecflstreA, “Examinations for mathematical scholarships' ^ A. E. JoliHe, “ Examine- 
tions for mathematical schoUnhips at Oxfoid”; U. Hardy, “Examinations for mathematical 
scholarships. at (•ambridge"; T. P. Nunn, “Thetiainfngoft^hersof mathematioi"; G. 11. Bryen, 

“ Reseaivh and advanore study as a training for matbematl^ teachers.*' 

Litt of Secondary SchooU m England Recognized 6y the Board of Educaiion ae Efficimi. 

1912-1913. Board of Kducatiem, Ix>ndon, 1914. ^ 

C. I^ORWOOp atid A. HOPE, The Higher Education of Boyt tn England. London 
Murrey, 1909. 14+668 pp. > 

C. H. JUDIJ, The Training of Teachers m England, Scotland, and Germany. * (Bun^au 
of Education, Bulletin, 1914, No. 36.) Washington, 1914. .“England,'’ pp. 
l*+5. * ^ 

The Training of Women Teachers for Secondary Schools. A Series of StatemenU from , 
Institutione Concerned. (Educational Pamphlets No. 23.) Board of F/dma* / 
^ • tion, London, 1912. 90 pp. / 

W. SIESj Teachers*. Pension Systems tn Great Brifritn. (Bureau of Education, / 
Bulletin, 1913,, No. 34.) Washington, 1913. 88 pp. . / 


BIBLIOGRAPHY. 


\ 



/ 



ERIC 


V 


% 


VI. FIN1.AND. 


The nrea of Finland is somewhat Ijsss limn half that of Texas, and its « 
popiilalion is but slightly in excess of 3,000,000; yel it publishes many 
important periodicals and is the homo of not a few learned societies. ' 
Of the inhabitants, about 80 per cent are Finns and about 11 per / 
cent Swedes, ^ • ■ j 

Ity oirdinancen of 18,69 and 1872 the goiieni adminulration of the national ayaiem ! 

of primary education, aa well as that of the aecondary achoola which heretofore had ' 

been under eccloaiaatical direction, wa» veated in acentrol board or council of educa- ( 
don. The menibera of thu^ouncil are appointed by the aeiiate (conatituted by 
imperial appointment), upon Uio nomination of 'the Diet (Iq&lative aaao . bly). 

The executive chief of the-ayateni. the director general, ia alw> ap|>oin(e. by the 
eenaie. An aaiiatant director hoe charge of primary education, and there are Gov- 
ernment inapectora for both aecondary and primary achoola. ■ 

Those State secondary schools which have interest for us are the 
lycciT (classical and real), each with an eight years’ course. In 
- the real, as compared with classical lyceutm one additional hour per 
week is spsp^tln mathematics, and greater t^pltasis is laid on physics.^,. 

Such lyceer prepare directly for the uiiive^tfiey. ' ** 

There Is ho examination in passing from oho class to another in 
the lyceum. But after finishing tho work of the VIII class, the 
pupils, wlio aro^put 17 years of age, are required to submit to both 
written and oral tests. The written tests are the same throughout 
the country and occur on the same Hays. They consist of (1) a 
ceinposition written in the mother tongue; (2) an examination in 
the other language, Finnish in a Swedish school, Swedish in a Finnish v 
school; (3) a Latin translation in the classical lyceer, a French, 

German, or Russi^ in the real; (4) a test in mathematics. In 
connection, with (4), questions are also given on physics. Tho test • 

Ixsts for six hour^, and the pupil . who answer^ at least tliroe ques-. ' " 
tions, but of about ten, in a maoher satisfactory to the professors in 
tlM! school, is declared admissible. TWJ paper is then submitted to 
jthe examination Commission of tho university, who pass upon it 
.iinally. The successful pupils who have also passed the oral tost, 

■given by .tbp professors of the university, on im the subjects of the 
course, receive a leaving certificate." This certificate now admiU 
Ae student to the university. , . , . 
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THE ALEXANDER UNIVERSITY. 

wt* thff coiirse of mathematics in manv 

^rni ft beem thorough, on account of the great 

^otot of time taken up with languages, the university undertakes 

ITi/n Tu complete, certain parts, especially in trigonometry 
hen follows a course in analytic geometry, which deals With tlfp 
cpc sections and surfaces of t^e second degree. ' Only the lints 
of projective geoipetry are taught. The text is tL manual d 
analytic geometry, by^. Lindelof. 

Spherical trigonometry is taught m connection with analytic 

integral c^culus is begun in the first year at the 

is carried on for tlo 

An elementary c.ourse in differential equations is frequently given 
It contains aptaal geometric appUcations of the theoiy. Sometimes 
dcyelopments lead to such problems as the conduction of heat 
other questions in the domain of mathematical physica. 

Algebra and the theory of numbers ore given in the second year 
The pupib use G. Bouers VorlesuM/en aber Algebra m a manual 

. of Jh r “t functions, which takes account . 

of the methods of exposition of Cauchy, Eiemann, and Weierstrass 

m pven every year^ H. Burkhardfs Algehraiske AmlTZ 

£m/«kmnj m die Tleorie der analytwchen FurJaUmen is recom- 
mended for the students. letom 

Besides the above-mentioned regular courses, theiie are frequently 
courses in certain domains Of mathematics, Sich L 
mmimal surfaces, apphca,tiqn of the theory of groups to the resolu- 
^tion of algebraic equations, elliptic functions. 

The teaching in the sectioiis “historico-philplogique’' and “phy- 
«TO.mathdmat.que" of the faculty of philosophy is omanized fn 

'of itl™^ ‘“.i'"’ ■" ->-■ five yearn 

"iStcTpwls^^^ ‘fiu fiuffvecof 

This examination comprises, apart from a written test in a modern ■ 
laguage, interrogation beanng on at least four of the sciences in 

f V in, question, the combination of subjects 

be^g submitted by the cah'didate and approved by the Sn 

^e^h subject the succe^ful candidate obtains a W<licate-upi ' 

^dh^’ “T* 'T " f““<fnfi»-tkeee. placates L 

pmdiag on the extent of the program studied. To pass, -the candi- 

date must receive either the predicate laudatur in two subjects or 
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laudatur in one and approbatur cum l^de in two others. In addi- 
tion to this, ^ essential part of the exafnination is a study pro 
gradu. In fl^ paper, which requires a*long time to prepare, the 
candidate treats, in a personal way, some scientific question given 
or approved by a professor? 

To obtain the highest predicate in mathematics in this examina- 
tion, it is necessary to know thoroughly the cours^ in analytic 
geometry, differential and integral calculus with its applications to 
geometry, differential equations, algebra and theory of numbers, 
and the theory of functions. For the predicate approbatur cum 
laude, the theory of functions disappears fropi the program, and 
only the first principles o'! algebra and the theory of differential 
equations are required, The program for the predicate approbatur 
IS confined to plane trigonometry, plane analytic geometry, and the 
fundamental notions of the differential and integral calculus. 

The candidate who h'as obtained the degree .of “candidate of 
philosophy Can obtain the degree' of licentiate in the. faculty of 
philosophy by continuing his studies^ publishing and. publicly sus- 
taining a thesis, and passing an oral examination, in vdiich he shows 
thorough knowledge in three subjects within the domain of the 
faculty. 

The candidate of philosophy receives at the annual, promotion the 
title of master in arts* under the same conditions the licenci6 may 
receive the title doctor in philosophy. 

In order to be competent tp ^ a post in secondary teaching, it 
is necessary to have passed the examination for a “ candidate' of 
philosophy” or the examination for the “certificate of aptitude in 
teaching.” This latter examination is passed at the imiversity. It 
differe from the first only in that it is not absolutely necessary to 
obtain the highest predicate in one of the subje 9 ts, Nearly all 
candidates become “candidates orphilosophy.” 

NORMAL LYCEER. 


The professional education of the professors in secondary schools 
is doncentrayd in two normal lyceer, one for professors in Finnish 
schools, the other for thp Swedish. These two lyceer are under the 
special conttpl of the professor of pedagogy in the univereity. In 
order to be inscribed as “stagiaire ordinaire” in a normal lyceumit is 
necessary to have a “certificate of apftitudo in teaching” or to be a 
“candidate of philosophy.’' As a general We, the mathematical 
candidates have' passed the ^cond of these examinations and ha Ye 
obtained the highest or the next to the highest grade in this subject. -K 
They are placed under the inlme4iate direction' o^ the senior pro- i 
feasor of mathematics. 

' ' 101179’— 16— 5 ' V ‘ ’ 
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noranal fyceer is two- setaestere. 

theory and practice of 

^agop. Under the surveillance of the senior professor he teaches 
m a State lycoum. When his major is' in mathematics, he also 
ogives instruction m physics^and chemistry. 

In -addition to work of this kind, candidates are 'assembled in 
conferen6e5 of throe types,, mohthly, general, and weeMv. The 
monthly conferences are presided over by the professor of Xlaeoev- 
examinessome one pedagogic work each sem^ter! 
Each of the stagiairos m turn makes a report on a part of this 

conference i|gie basis for discussion. 
The po^ons of the work which concern "iRiomatics are assigned 
to mathematical candidates. In the general conferences questions 
of general, pedagogy are dikeussod. The w^kly conferences are 
either the ponforences of the candidates in a special subject or those 
related to it, or special conferences arranged by the senior professors 
for the mdivK^als. In the mathematical section a mathematical 
work IS generally exammed in a manner similar to that obtaining in 
the monthly conferoncos. ■ 

The “cpdition of competence” required to obtain a post as pro- 
fessor is that the candidates possess the degree of “candidate of phil- 
osophy with the hipest grade in the major subjects required by the 

!? •< f <le cours”. the same degree or 

po certificate of aptitude,” with at least the second highest grade 
m the major subjects required by the position, is necessaiy. For 
both classes of teachers an pamination in pedagogy and a test in 
practiral pedagp^ are required. These tests are conducted by a 
council of the senior professors of the lycoum, Finnish or Swedish as 
the case may be. This council consists of five iliombore; the rector 
of the normal lyceum the senior professors of the subject in question 
from the two nomial lyceer, and two members of the council of the 
normal Ipeum wpro the candidate is being tested. The candidate is 
myited to teach m assigned classes for the purpose of showing his 
aptitude for the.carwr which ho wishes to embrace. On the basis of 
this ^est IS given the grade approbatur, approhatur mm laMe or 
. Imdntur, according to the work done. ' ' 

CONCLUDING SEMARKa 

tinhrwi of philosophy at the 

mivereity look f^ar^ to a career m connection' with secandaiy 

' An T^fl *bem P^fossional education of such toach^ 

thia^poficy^with ri«ard.L* W^hSi^ 

was made m 1912, when an associate professor of mathematics in the 
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university was appointed to a recently created chair. The special 
task of this professor is “to give courses and direct the practical 
exercises for the future professors of mathematics in the secondary 

schools.” - . 

Among topics which this professofftakes up are: 

Inpep^try: The axiome of Euclidean geometry; the principles of projective geome- 
tty; a sketch of the various-systems of geometry; a systematic exposition of the 
elemenlary methods of resolution of geometri<;nroblems; the history of elementary 
geometry. " ^ p 

tin trigonometry: The historical development of the Kience. 

In ariOtitulif: Methods of numeHcal calculation; the historical development of 

elementary anthmotic; the extension of the idea of number. v 

In algebfg wd the theory of numbert: The notion of diviability in the theory of 
numbers an^in algebra; the historical development of algebra and abridged liotation- 
the application of algebra to tho resolution bf problems in geometric construction. 
With the aid of various instruments. 
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receive the baccalaur^at at the age of 16 or 17. Many 1yc4ra have 
still advanced courses to prepare for entrance into such schools 
ss the Bcole Normale Sup4rieure, ficole Polytechnique, £>cole Cen- 
tr^e, Ecole Navale, or Ecole de Saint C3T. For our purpose it is 
d^irnble to-consider these advanced courses and the students who, 
having taken them, enter the Ecole Normale Sup^rieurc. 

Iiiatnnaion in fully equipped lycdes may be divided ’into four 
sections: (1) Primary, five years, fer children froln 5Jto 10 jears of 
age: followed by (2) first cycle, four years, the first, section of the 
secondary education, properly speaking; wliich leads to (3) second' 
cycle, three years, on the completion of which the student receives 
lhc».State degree known as-thq bnccalnur6at. In about orie-third of 
the 120 lyc6cs in Prance thei;e are also (4) the classes do math6- . 
matiques sp6ci«^. In considering the training of tcacliers for the' 
Iy 4tw certain general facts with regard to (2) and' (3) should be borne 
in mind, while detailed information as to (4) is essential. 

Since the reforms of ai decade or so ago the pupils of^the first cydo 
; are divided into two groups. In the one are those who learn Latin, 
with or without Greek, and in the other Inro those who have noting 
^ to do with a dead language. Pupils of. the latter group go into the 
.. science-modern languages section of the second cycle. Into this 
seetjon may also enter certain pupils who give *up_ the study of Latin 
to specialize in modern langungj>-aTid science. But jn the secomT 
cycle there are three otheq Sections fntitlcd, “ Latin-science,” 
“Latin-niodcrn languages,” and ” Latin-Greek.” Tho work im math- 
ematic's is decidedly heavier in the science sections, and as this 
work must be taken by all prospective teachers of mathehiatics, wo 
^may confine our. attention to these sections. The classes' of these 
sections in the successive ^ars are named osjollow's 

* Chifsh of the trcliona, * 


y 

j 


. UUn-science 

Bcience-langimges . 


Fir.st year. 


Seconds . 

Secohde J) 


Prfronjl A'car. 

" v' ■ 


PreiniAre C 

Premlire D 




ThJtjl year. 


Mathi^matlques 
Mathemallques D. 




The work ii^^iatheinatie^ fa tli^ siwne throughout iu both SoctionS. 

At the end at^l|c,second year the first of tlie examinations for the 
baccalaurtjfU ap^aken. They are both wittcji and oral and of ah 
elaborate a^ ej^ting natare. Among the Examiners, six iir num- 
ber, fii a giveiMrfrondissehieht, three are professors from tho univer- 
isity. Under conditions the^socond and final teats are.applied. * 

.at the end of tho third ycar‘ and th6 sucC<^fui pupil becomes a 

MERLET, Probiimft deghtmltrie donn^a ata izatnen du Xotin- 

et Solution*. Paris, Andr4-Clu6don, Ii909L- , . 
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Jo<Wt«r. little, If any, exaggeration is made by regarding the bache- 
her w upon a plane of scholastic equahty with the student who has 
^ed the ^phomore year at one of the.best Ameridfo J^u•vereitiee 
beveral of France’s most brilliant mathematicians and> teachers of 
our day became bacheliers wh(jn only 16 or 17 years of ago! 

• n the bachelier who is proficient in mathematics be not turned 
raide by circumstances or inclination to seek immediately a career 
m civd or Government employment, he is likely to proceed t6 prepare 
himself for the highly speciad and exacting examination necessary for * 
•- entrsMe mto. one of the great schools, of the Government. The/ 
•SI u P’’®P“ration exhibits a, very pt^culiar feature of the 

French s^tetti. Whereas with us, or with the Germans, the boy who 
has finished his regular «ou|se in the Seconjl^ gchool goes direcUv 
to some department of a university for-W next instruction, the 
■ bacbeher, who hah a perfect right to follow the same couise,, returns 
to this old lyc6e- (or^rolls himself at one of the griat P#ris lycfies 
such Bs St. Uuis, Louis ie Grand, or Henri IV), to enter the classe 
de tnatWmatiques sp^ciales preparatoires which leads up to the classe 
de math4matiq.ues spepialcs. 'The latter is exactly adapted to pw 
pare, students for the Ecole Normale Shperieure, the Ecole Polv- 
technique„lind the bourses dd licence. As mentioned above>nlv'a 
•. 8^ proportion of the lyc^es have thjs^dasse, but with the exception 
of.i^x they are to be. found in ^ unWersity towns. On the other 
hand, still other lyc^es have ^sses whieE)prcparo specially for the 
1^ exacting >mathem^cal e itrance examinations of the Ecole 
Centrale Ecole de StTT^^r^le Narnle, etc. But the number of 
pupils who on first starting oii^ dcEberately try to pass o*aminations' 
for these schools is small in proportion to the number who eveii- 
tuaUy reach them after repeated but vijin effort to got into the Ecole 
Polytechnique or the Ecole ^ntjalo Sup6rieure. Just what makes 
. ^ree two schools famous and pecuharly attractive' \^U ippear later. 
When the pupil has won his baccalaur^at ho may immediately matri- 
culate into a university, and although it might bo possible for him to 
keep pace with the coursre, it would be, in mathematics af least, a 
' matter of excessive aifBcuIty. There is then in reality, between the 
barealaqrdat and the first coupes of the universitire, a distinct break, 
bridged only by the classes de mathlfimatiques sp4cialcs.' 

; The 6lhves who enter the' preparatory section of this class' are, 

generally, bachehers leaving the classes de math6niatiques. Natural 

^ science, history and geography, philosophy— indeed practically every 
study except those necessary for the end in view— have been dropped - 
and from this tune on to the agrgg ation and doctorat, all eneigies' 

,1^ t*?** ’“<•'* • •>"«'' •«««. M no special cImsm * 
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are hent in the direction of intense specialization. This is the most ; 
pronoun^ ^characteristic of" French education to-day. In Tnuth e-’ 
*atics, iifttraction now occupies -12 instead of 8 hours pw week; 
New poihts of view, new topics and broader general principles, are 
I developed in dgebra and apalysis, trigonometry^ analytic geometry;., 
and. mechanics. Physics and chemistry are taught during 6 hours 
instead of 5. Add to these, Genuan, 2 hours; jFrench literature, 1 
hotir; descriptive geometry, 4 hours; drawing. 4 hours. After one 
ycib of .ais preparatory training the 616ve plisses into the r^arkable 
clH<tsc de mathdmatiques sp4ciales. 

Eight years of strenuous training have made this class possible 
for the young man of 17 or. 18 years of age, who is confronted with Ko 
less than 34 hours of class and laboratojry work per v^eek and no limit 
as to the number of hours expected in preparing for the classes. 
Tpe program seems a w^-nigh impossible perfoTnjAnce for one yeSu*. 
Surely no other country can show anything tto compare with it. 

It would be interesting to consider fully the nfathematical program 
as given at the end of the plan d’dtude, but I /shall hastily refer to 
only a few of the subject/ treated. In algebra and analysis we find 
developed the fundamental ideas concerning irrational numbers, coh- 
. veigency and diveegen^ of series, the elements of the theory of 
functioais of a^ real variable, power series, their multiplication and 
division, thsif differentiation and integration term by term, Taylor’s 
fornnJa, the theory of algebraic ^nations, including*^ symmetric 
fiWitions, but omitting the discussion of infinite roiats. The latter 
part of Ithe course treats of differentiation of functions of several 
variable, elqment^ ideas concerning definite integrals', integration 

considered in a first calculus course pt the best A 
jyHericah colleges, rectification of curves, calculation of volumes,^ 
pV^e areas, moments of inertia, centers of gravity, dil^ential 
equations of the first order, solutions of simpler differential Equations 
of pe second order which occur in connection with problems, of ■ 
mechanics and physics. Whenever possible in the discussion of 
these topics the poSrer to work numerical examples is emphasized, i 
Plane trigonometry and the discussion of spherical trigonometry 
. through the law of cosines are treated, in claSs, and five-place tables 
ar <3 used. ^ 

In the course on arudytio geometry there is given a thqjqugh dis- 
cussion of equations of the second degreq, of homography and anhar- 
monic ratios as^^^ey enter into the discussion of curves and surfaces 
of the second degfte, of points at infimty, asymptotes,- fog, trilinear 
. ^rdinates, curvature, concavity and convexity, envelopes, evolutes. . / 
The professor al^ di^usses thoroughly the various.. questions con- ■ ■ 
nected -with theyreatffleut of quadric surfaces and Ires completely, V 
the theory of sujifaces in general, of s{>ace curves, osculating plahes, 
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curvature of surfaces. The eluents of the theory of unicursal curves 
, ahd surfaces and of analla<nnatjc curves and susfaces are al^o taken up. 
So also, we h^l broadly arranged progVams ih mechanics and 
descriptive geometry. The whole number of class hours per week is 
broken up as follows: 

"v 

Mathematics. 15; pliysics, 7 (2 in laboraU?ry>: chemi^. 2; do.vripUve ffooraetrv, 
4; drawing, 4; Gorman. 2; h>cnch, 1. TRo scope of the mathematical work may ho 
judgcMlfnnnst.inobodkswhich were.proparod with the n^ of such’a class especially 
m view' B Ntewenglowski. Cours^algihre, I, 382 pp.; II, ,508 pp.; supplement-^;, 
rapeher / rms de gfometrie analytique, GOG pp.— Girod, Trigonomktrie, 495 pp.— P. 
Appell, Coun de ttucanique, 650 pp.— X. Antomari, Cours de geometrie descriptive 
619 pp. ; . ' . • 

, If anything, this list underestimates the work actually covered ' 
bythose who finally go out from the class. Tannery's d alg'e- 

bre et d’analuse (I, 423 pp.; II, 6^6 pp.), might weU replace Nieweli- 
lowski’s work; while Nicwenglowski’s Cours de geonUtrie anedytiqu 
(I, 48;j pp.; II, 292 pp.; Ill, .'569 pp.) represents the standard alnui 
as nearly as Papelii-r's voluine. Another." treatise on mechanics 
widely used is that of Humbert and Antomari. 

, ^VhAi wo fi/rther realize that the rnain parts of the books in this 
list, which rejiresents the work for only one of a half dozen couises, 
are covered hj^ the professor in about 15 months— the last three 
months o^ the second year are given over to drill in review and 
detail— we begm to get some conception of what' the classe dtf 
math6m)itiques sp&ialcs really stands for. In his instruction the 
• professor ‘is officially “ recommended 

not to overload the eparsea, to make consideraldo u«e of books, not to abuse veneml 
theories, to expound no theory without numerous applications dealt with in detail 
to commence invariably with the more simple cases, tha-c m«i<t easy to understand! 
lading ui^finally to the general theorems. ' Among the applications of mathematical 
theory, those which present thcm8clvc.s in. mathematical phv.sics should be given 
the preference, those which the young peoplh will meet later in the course of .their 
studies either theoretical or practical- Thus, in the construction of curves choose as 
exainplta those curves which present tlieinselvei in physics and mechanics, as tUe 
- ct^es of Van dor \\aals, the cycloid, the catenary, cte.r-in the theory of envelopes 
diooee those e^mples of envelopes which are met in the theory of cvlindrical (pC- 
mg— and so on. The pupils should be trained to reason directly on the particular 
.casee and not to apply the forraiil®. To sum up, the aim should he to develop the 

pupil 8 judgment and initiative, not his memory. 

The success of a class is, by happy arringement, not left to depend 
wholly upon a single man. Take, for example, lyc6e St. Louis in 
Tans. It IS the greatest preparatory school for th^ Ecole Norrikle 
Sup4rieure and the ficole Polytechnique. There are four d^ses de 
: . mathematiquos spdcialos, and for all. the members of these classes 
. ; conferences, interrogations, and individual examination are OIgah^ 


"ri" ‘""f® for by,«x»mination (tuesUons Is sludlod. 

^th In the aJnge: Qui petu le plui pent It moim. 
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ized. Those excises, which are complenientary to tb^ ' daily in- 
struction, arc conducted by one of the professors in the lyc^e, or 
by one of another lyc^e, or by one of those frmn the CoJIdge de France, 
the Sorbonne, the Ecolo Polytechnique, or the £cole Normale. In- 
capable students are thus speodily'^eeded out, a marked solidity of 
the training is attained and, perhaps most valuable of ail, the inter- 
est of the pupil is sustained at a high pitch. 

With the end of the year the pupU ha^his first experience of a 
concours or competitive examinatijp. Previously he has found 
that it was necessary only to make a certain percentage in'^order to 
mount to the next stage in his scholastic career; but now it is quite 
-^different In 19Q8, 1,078 pupUs tried for 'admission to the Ewle 
Polytechnique, but only 200, or 19.5 per cent, w^ere received; for 
the department of science^ the45cole Normale Sup^rieure, 22 out 
of 274, or 8 per cent, Succeeded. In each caso'the number was fixed 
in advance by the Government according to the capacity of the 
^school; the fortunate onej were those who stood highest^in the exam- 
inations, A^Titten and oral. In the case of the*£)cole Polytechnique,. 
the written examinations woro hehl in all the lyc^es which had a 
eJasscyde matli^'inatiques sp^ciales. The :iS7 can<lidates declared 
“admissible'' \vere then examined orally at I>ris, ami from them the 
200 were chosen.* Similarly for the ficole Normale, tl^ ^Ti^n 
examinations are comiucted at the seats of the various Wad4mies 
and the oral at Paris. Since 1904 the concoUrs passed bystu^ents 
wishing to enter the Ecole Nonyale ^sjice^^ for the slipends 
knowTi as bourses <le licence,* open t^^nduTatos of at least 18 years 
of age and not morQ than 24. Ccj^ia dispehsetions in the matter 
of age are* sometimes granted. The of the bourse, *r iho sec- 
tion of sci(uico, is from 600 to 1,200 fradcs a year an’d is intended to 
^ help the students to prepare for tlie licence an<l other examinations 
re(iuircd of prospective professors in the lyc^os and universities. 
Tile candidates leading the list in the concours are sent to the'£cae 
Normale Sup6rieure for from three w> four 3 '’ears. It is neces^c^ 
ior the six or seven other boursiers^ to prepare for future examina- 
tionsvat the various universities of the Provinces. Their bourses 
last regularly for two, and exceptionally for three, years. 

But to retun^ to the students of the classes de'math^matiquee 
sp6ciales. At the end of the first yqar, when 18 or 19 years old, they 
usually present the/nselves for the concours of both the bourse d^ 
^lifcnce and ^e iScoi^ Polytechnique, tlie ‘examinations in the former | 
being more strenuous and searching. Only from 2 to 5 pef 6ent 
succeed oq^the first triaj. The pthere then go baok to the lyc4e and / 
take anoither year in the. classes de math^matiques sp^ciales. Many 
poftits not, fully imdorstood before are now clear/ aijjd at the end of 

* The toathcmatlcal questions at the eoncours ol 1919^0 given in Appendix C. 
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Ae 8^nd 7 ear from 25 to 28 per cent are sncceaaful. The pereeveN 
ipg of those who fail ag^i return -to their classe and try still a thiid 
time (the last permitted for the bourse de licence); but it is a matter 
of record that less than oi^-half of those who enter the classe de 
math5matiques sp6ciaIos succeed even with three trials. Tliis is 
usually the last trial possible for entry into the l5cole Polytechnicnie 
as the young man who has passedHhe age of 21 on the Ist'of Jannan; 
preceding the concours may not present himself. The remainder 
of the students ^either seek for entrance into Government schools 
with less severe admission requirements, and thus give up their 
aspirations to become, mathematicians, or else continue their studied 
at the Sorboime Or other univeisity. 'Die candidate who heads the 
hst in each of these concours has his naiie widely publishei) In 
the case of the bourse do licence ho is caUed the cacique, and he very 

frequently tops also the. £colo Polytechnique list. 

If the work in the classe de math6matiques sp5cialcs is .so enor- 
mou^ly ilifficulf that only 2 to 5 per cent of its niembem can, at the 
end of one year, meet the standard of requirements of the examina- 
tions f<w which it prepares, why is not the instruction .sjoeiid over 
two . ainte nearly all the mathematical savants wlio now .<lu>d 
lustcT on France’s, fair fame have passed from this remarkable, class 
on the hmt trial, there can be no doubt that the answer to tlris 
question may be found in jjic fact that the Irench Government ever 
se^ her servants among the 61ite of the nation s intellectuals. 

Those who pass from the classe de matlu5matiqucs spOcialcs at 
the early age of 18 years are not* i u norous, but Horel and Picard 
are such Inen, while Goursat entered (lie Ecole^Norinale Sundricure 
at 17 years of age. For the average boy the lycde course is liAivv, 
and more than once he may have to hidt in order to repeat a year. 
Ihe system of training is largely formulated to develop to tluVfull 
the powers of the brilliant boy anil- to promote his rapid advance- 
inenl. h or ,su;li youths poVerty is no deterrent. Every lvc6e has a 
numbiw of bursaries (covering all expenses) which it distributes to 
just such boy.s coming with distinguished records from the primary 
schools. If the boy’s record is smstained, renewal of his bumary 
from year to year is assured. 


iherehas been occasion to point out the strong influence whicl 
the heole Normals Supdrieure and’^cole Polytechnique c.vortbn tin 
careers of the flower of the French youth; how that instead of enter 

^g the university on passing the baccalaurdat, as in America or ir 
(iermany — 

The reason for this k not difficult to firid. th< 
Ecole.Polyteclmique which prepares its pupils m military and naval engineers 
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irtillerjr officer*, civil engiooeie in Qwenuaent employ, telegrIphisU apd officiala 
of the Government tobacco manufactories, offers all of its graduates a career which 
is, at once rapid,, brilliant, and certaan. The £cole {ionnale practically aesures its 
, graduates at least a pwfesa.rahip in a lyc^e and prepares iu studpnU for this or 
for a university career, better and more rapidly than the university can do it. 

liCt U3 suppos# that our future mathemutical professor in the 
lyc6e is ono.of tho 11 mathematical students who is successful in 
getting into the ficole Normale in a given year. He studies there 
for three years and receives special drill in pedagogy; simultaneously 
^ he also hoare coUrsos of lectures at the Sorbonne ' and at the Colltoe 
do France.’ ^mpst the whole purpose of tho dri4 and instruction 
is to prepare for two examinations, the licence and tho agr^gation. 

Tlio diploma Licence es Sciences, wliich is necessary tor all those 
who take up secondary teaclung, is granted to those who have, three 
“ eertificats ” in any one of tlireo group.s of subjects. Our mathema- 
heian is examined in the following subjects; (1) Differential and 
mfogral calculus; (2) rational mechanics; (3) general physics or 
some advanced topic in mathematics. Hio examinations may he taken 
singly in July or in November; each examination succes.sfully passed 
entitles tho student -to a certificat for that subject. Tlie examin^ 
alien consists of throe parts, ipreuve ecrife, ipreuve pratique, ipreuve 
orale. The. first two are written examinations of about four hours 
1 each. Theoretic considerations a)) 4 j,uad in the ^rite, while numerical 
calculation is characteristic of tho pratique. Tlie oral lasts for 
15 to 20 minutes and is held before a jury of those professors who 
have tho wholld examination iu charge. Tho pass mark is 6o per 
cent. ' ^ , 

To understand just what is implied in tho possession of the di- 
ploma, Licence es Science, let us consider tlie value of such'a certificat 
as that in differential and integral calculus. To prepare for the 
examination in Uiis subject at tho Sorbonne (and the methods at 
other universities in Franco are htflo different) the candidate attends ' 
three courses during the preceding year. The first of those consists 
of about 60 lectures of 70 minutes each on differential and integral 
calcdus by Goursat; in tho second, 30 lectures of one hour each on 
applications of analysis to gcopietry are given by another professor; 
the third couree is made up of 60 lectures of^bout 70 minutre each 
on problems illustrative of the above 100 lectures. In this way 
practically all of the first volume and a portion of the second volume 
of Gourst^V& 'Couf 8 ‘d’analyse maiUmatique is discussed. ’Upon 
this work the examination foi* the first certificat is based. In s 

' SofboniM to til* n«jn» oI B buUdln* 111 the OnlvMslty oI Path where Oi» InWracUon In ichnca and 

totters to given. « 

•The rol!ft?e de France, f^dod In tbe' sixteenth century, to Independent of the general edoeatfoonl 
. srticmo l>ul . auks higher th^ any of the universities. Two or three courses in pure and applied math^ 
matics are offered a»ch year. In them Ihe'iecturon usuaUy set forth original developments of the sub- 
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sin^ar way there'^ three coursea each in preparation for the exam- 
ihation^o serure the ccrtificats in rational mechanics and general 
physics. \^oro is probably no graduate school in America where 
the studen^Uains such a compreJicnsiye grasp and mastery. of tlicse 
subjects. \ 

Unlike the\nccalaur4at and the licence, the ngr^galion is a coni- 
potitivo^ oxam|jiation andi is conducted by the State. The number 
who become agr^g^s eacljyoar is fixed jn advajme by the minister 
of public instrucrion according to the need.s of\he lyc^w in (he 
country. Tltis number in recent years has. been about 14; the num- 
ber of candidates is usually about 80. Our candidate for tliis e.xam- 
inalion niust have , four certilicats: (I) DifTerential and integral 
calculus; (2) rational mechanics; (.3) general pliy.sics; and (4) a sub- 
ject chosen at pleasure in the advanced matliematicnl fields in wliich 
courses are oflered. 

To pass the agrt'gntion our future professor disposes of his three 
years as follows: During each of the first two years he paiwes (he 
examinations for two of the four certificats. With these successfully 
taken ho (urns his whole attention to preparing for the ugr^galion 
proper.' Tlas examination is unique in its dilficulty ami exactions. 
As it is' ''organized for selecting the most efficient young men in'tbb 
. country, tp take charge of the mathematical cb;.s.scs in the lyct^c-s, 
the examination (urns largely on the subjects there taught. It 
consists of ipreuvfs priiniratoirta and iprruves Jefnitlvfs. The 
former are four written examinations, each of seven consecutive hours 
in length (7 a. m. to 2. p. m.). Tlio first two of these are on subjects 
cho.sen from the program of the lyc4o in mathf-inaliques 41timentaires 
‘ ind matbdthatiqiies spdciales. Hie last two, based On the work of 
he candidates in the univemitiis, are a compo.sition on anah-sis and 
its geometric applications and a composition on rational mechanics.' 
The dpreuves are held at the seats of the various acaddmies of France. 
Those who have reached a sufficiently high-staiulard are declared 
“admissible.” Tlieir number is usually a little less than twice the 
possible number to. bo finally received. They must present them- 
selves at Paris for the dpreuves doQnitives. Tlu«e consists of two 
written examinations and two leppns or specimens of class-room 
instruction. The written tests arc an dpreUve do gdomdtrie descrip- 
tive, and a calcul numdrique. Their duration is fixed by the jury, 
but it is .usually four hours. for each. A Iqpon is supposed to be 
• the treatment of* some topic such as a professor might give (dur- 
ing three-fourths to one hour) in a lycdo. The subjects are drawn 
iif lot and are taken from, the programs of the following classra: 
(p) Mathdmatiques spdciales; (ft) Secohde, Premidre C, D, and Mathd- 
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matiquos A. B. i'oT each lesson the candidate has four bo^rs to 
tliink over what ho is going to say. . No help from book 'or Qtlier 
source is permitted. 'File unfortunate who has little to say is speed* 
ily “adjourned.” 

The agr^'g^s are those specify prepared by the State for the 
positions of professeurs titulaires in the lyc^es. Although this title 
is not ceiiferrod regularly till the ngr^gd has completed his twenty* 
jifth year, those who are younger receive temporary appointment, 
^^r every agr^g^ may demand a position as Ins right. The salaries 
vary accord inaTto tho ”cIasso” of the professor. At Paris the bweat 
salary is 6,000 Trance per year, and the higheM, 9,500. In this range 
seven classes are represented ; six, each differing from the one before by 
500 francs, and the hors elasse, for which (he sjiJarv is 0,500 francs. 
Promotion from one class to another takes plae>e by seJoction and by 
seniority. » From the sixth (the lowest elasse) to tho third, the 
number of those who can be advanced each year by selection is equat 
to (he number wliich can be advanced by semiority. In the s^ond 
ami first classes two advancements may be made by selecUoilCo one 
by Seniority. Those naified for the hors elasse are advanced by 
S(decnon alone. Tlie promotions are made at the end of each calen- 
dar year, and take plac6 so that there are always 20 per cent of them 
in the sixtli elasse, 18 in the fifth, IS in the fourth,. 16 in the third, 
1*1 in the second, and H in the first. Tiys arrangement is ob- 
viously aJiappy one, both by way of recognition of t^ie merits of the 
unusually successful teacher, as well os those of one whose service is ' 
rather charnctertzod jby faithfulness. 

tn addition to ^he professeurs titulaires there are professeurs 
charg6 de cours, who are usiniUy selected from those who have been 
students at tho Ecole Normalc and those admissible to the agr^gation, 
who fail to hetoijio agr^*g^s. After 20 years of service they may 
become professeurs titulaires and receive the salaries we have indi- 
cated above. The Government has, however, recently passed a la^ 
which gives a hbher reward to the ngr6g^. It is to tho effect that 
500 francs per ^ear shall bo added to the regular salary of every 
agr6g^. The re^l range of salaries mentioned above is, then, 6,500 to 
10, "€00 francs; ih the provipiees this reduces to 4,700 to 6,700> For 
the i^ofesseurs/ charges de cours the salaries at Paris vary from 4,500 
to 6,00(1 francs^ in the provinces, from 3,200 to 5,200.* In the premier 
cycle the professors have 12 hours of teaching per week, in the second 
cycle andj^fas^e de math^matiques s^eiales, 14 to 15 hours. Except 
for co^^^tiI^g exercises and filling out report®, the professors have 
absolutel^iq obligations outside of class hows. They do not live 
■in tke ’ljc5^(l^'The superintendence of the study of the pupib is 

1 rbe tMi.d«noy eji recent Ie^iaJ«Uon is to exclude from the Jyo6et all prdfessdrs who are not ai^rdffe. 
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carried on by repetiteurs, the nJbre advanced of #hom receive at* 
I*ana 2,600 to 4,600 francs for 36 hours’ service. ppr week. 

Attractions connected with a professorship in ^ lyc6e‘ are that 
■ the remuneration is ample live on comfortably, that the work is 
not onerous and often quite decidedly inspiring, that colleagues are 
brilliant specialists in the same or other lines of study, tliat the 
professorships ate positions of honor and prominence in the coramu- 
^ty, and that the incumbents are in den\»nd in many ways which 
nrequently materially increase their regular income. In general 
• the charge of the classe do inath4maliques speciulo,. enrolling in .its 
memhemhip the pick of the French youth of mathematical bent, 

• is confided only to a proftSsbr in the first or hors classe, but to tliis 
position all may aspire. , V 

With inducements such as these it causes no surprise to learn that 
France draws, to the development of her system of secondary educa- 
tion much of the best mathematical talent in^the country. 

^ \ bibliography. ’ 

0f first importance 'are the five volumes issued (Paris,. Hachette. 1911) by the 
. Commtwion Internationale dc ^nscignemenf MathCunatifiue. Tiiese volumes are 
entitled: 1.- U Enscignement jirUmre:. 2, j: Emmgnrmfnt sg-oiMre publid sous la 
erection dc M. C. Biochc; 3. niEnsrigncMerii mpfhmr puhH6 sous hi direction de 
M A. de Saint-Germain; '4. UEmcignement Urhnique; 5. L' EnseignemeM desi^euna 
JilUi., 675 pp Each volume contairts reports by several lUfferent specialists and 
the whole is very interesting reading. • , ' ^ 

For information concerning the scheme of secondary education, and of mathematical 
work in j^rticul^i the inquirer shopld turn to Plan d^itv<lcs.et programmei (Termigni^ 
mint dans la lycka et colUges de gar^om (Paris, Delalain, 1910), 

A very valuable general work by several, different authors is Secondary and Univer- 
nty^ Education in France. London, Board of Edu(fation, S|>ecial Reports, vol *24 

1911. 554 pp. • ; I , 

Other, i^erences are given in my papers: ( 1 ) “Mathematical Instruction in Franco'* 
(Transactums and Proceedings of the*Royal Society of Canada for 1910. IV 89-152)* (2) 
‘Mathematical InstrucUon and the. Professors of.^fatheinatic8 in the French LyWes 
for Boys” {School Science and Matherr^ia, 1913, XIII, 43-56; 105-117). 

aHonocHoTrach In \yvficB for l>oys, but lOi uomeS wero employed io 
1M6, lyeSw and W in^e coll<«e8. (Kept, of U. e.Commla, of Etiuc, 1910, vol. 1. Washington, 













Tin. GERMANY. 


In 1913 Germany or the German Empire was third among European 
count?M!9 in area and second in population, being next after Ru^ia 
and Austria-Hungary in area, and second only to Russia in population. 
Politically the Empire is composed of>26 States and divisions: The 
four Kingdoms— Prussia, Bavaria, Saxony, and Wfirttemberg; six 
Grand Duchies, the largest of which are Baden and Mecklenbuig- 
Schwerin; five Duchies, of which the largest is that of Brunswick; 
seyen PrincipJitios; the three free towns of Lubeck, Bremen, and 
Hamburg; and the Imperial Territory, Alsace-Lon aine, which is about 
the same size as the Grand Duchy of Baden. The Kingdoms embrace 
more t^an four-fifths the area of the Empire, which is upwm'd of 
208,000 square miles. Prussia alone exceeds three-fifths, and its 
population of approximately 40,000,000 people is but little 1^ than 
two-thirds tnat of the Empire. 

There is no such centralization of education in Germany as in 
‘France. The only point of direct contact between the Empire and 
education lies in — 

the mttual undertaking of the federated States to bring the law of compulsory attend-' 
ance to bear upon all subjects of the Empire resident within their respective bordm. 
Of far greater moment is the moral influence exerted upon the other States by the* 
Prussian hegemony, in virtue of whiejuhe Prussian educational system comes to bo 
in all essential characteristics typical ^ representative of Germany as a whole. 

In Prussia the highest educational authority is the minister of 
spiritual and educational affairs,* who is appointed by the King. 
He is usually a jurist by profession and represents his department 
in the Prussian Parliament.' * ' * 

His individual obligations are numerous. He has charge of the firfancial affairs of 
his own department; apjfcints, with the approval of the Crown, counselors and other 
officials; confers titles upon teacherdj ratifies their appointments, and makes promo- 
tions, except when this right has been granted to other authorities; and he is the* 
court of final appeal in all matferawonhected with this branch of government.* 

The ministry of spiritual and educational affairs is oi^anized into 
departments of ecclesiastical affairs and education.- The direction of 
the 4epartmenf of education devolves upon under-sepretaries, who 
are the minister’s deputies, associated with 30 to 35 special counsel- 
ors; 10 or 16 assistante are also attached' to the depaitoeat. It 

» Fomdirly dr maddoAS hnt to UAH tHiA'dwiH- 

ment oi pubUc Mth wm m • wpArtte Udf. - thb ^mmA- fos- A ' 

it insistent. » < ' 
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consists of two main divisions: Thojone which "has charee of com- 
mon schools, noijnal schools, high schools for girls, and institutions 
for the ^ucation of defective children"; the other which oxercis* 
super^sion of higher education, inlcluding universities ' and eocond- 
aiy schools f • ' , 

'^e immediate administration and super^sion of secondary edu- 
cation in each of the 13 Provinces of Prussia is delegated to' a pro- 
vincial schobl board,* which is composed of four or five counselors 
selected by the minister from among directors pf training coUcees 
Md Gynuiteien. The provincial Gher-Pr&sident is chairman of the 
board by virtue of his office. 

' Among other duties prescribed for the board are; 

The eetabliAntent of regulaUone for conduc.ting final examinaUons (MaturiiatwrO- 
•fuogen or Roifepmfun^n) and reviaion of reports of the,same. ^ 

. tbe "reports of those higher schools’ which 

« adnm. to the lyuveraity. * 

^p^m^ent. dismissal, suspension, and disdpUne of higher-school tc,chers (not 

SECONDARY SCHOOLS. J 

The official classification of secondary schools in Prussia is in accor- 
^nce mth the curricula, and the foUowingxtypes are r^ognized: I. 
Qaasical schools: (a) ‘Gymnasium, with nine yefars' course- (J) 
^gy^aswm, with six years’ course. .II. -Modern schools: (a) 
With Latin but without Greek (semiclassical)— (i) Realgymnasium 
(iMo yearn course), (ii) Realprogymjiasium (six vej^rs’ course); (b) 
without Latui or Greek Jnonckssical)— (i) Oberrcalschule (nine 
years course), (ii) RealschiJe (six years^ course)^ » ^ 

The three leadiag types of secondary schools are: Gymnasium 
Rea^nasnym'and ObeiTcalschule. The following are the names 
of toe classes and their abbreviated forms: * 


Lower stage 

Sejtta ; yi 

Quiota C V 

f Quarta .....ly 

Intermediate stage; . * 

Untertertia. .U III or III 

Oberteiiia. :.0 III or III A 

UntersekuJ^a /.U II or II B 


Upper stage: 

Obersokunda O II or II A. 

Unterprima U I or I B. 

Oberprima 0 I or I A. 


■J 


‘ho* •“ Benin, Bonn, nraim.; OotUnwn, Owlftwrid, 

^ Oqnd Puchy w h«clilenl)Ufg.8chw«rin. rt Rostock; In tlJorsnd DucKyd 

" Blmssbu,,. to Altoco. Tk. unlv«nt,to ftonltfit^oL, ,«op«Jto 

I the 


- , « •vTJiitoHSKw.'uuwmifpanLy 


1.4 *« vwuvu aisoar -fcnoo 

*od iastltutiwu ot university are called vjogh " i^oJs. 
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» elemehtary aehooW). 
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The vjchoob with six-yeor-courees lack the “upper stage" arid iffe 
usually found m cities uiiable to support the full course » 

Pupils usuaDy enter all of these schools at the minimum age of 9 
and spend one year in each class, although some, requiring m^ time 
to comjilete the work, remain longer. To enter a Gymnasium the 
pupil must, have l^d a three years’ preparatory course in reading, 
wiring, anthmetio* and religion. . This" course may be obtam^ 

. the elementary pu^Uo or pnvate schools, or in the special Vorschulen 

connected with the Gymnasium. These are preferred by the wealth- 
ler classes. * ^ ^ * 

TTie G^naaium is a classical stronghpl^Prdnch is the i^uired 
modem l^u^e, Ei^h^ being^an optiomd subject. About one- 
half of the 304 lesson hours in a week * of the course in the Gym- 
nasium are devoted;to linguistic Study. Apart from cultural deyel- 
.opment, the course is intended to prepare students for university 
speciaiuzation uj either acts or sciences. * 4 * ' > ^ 

The aim of the Rpalgymnasium is “to give'^thefouth a liberal edu- 
cation founded rapeciafly on instrUctmn in the modern fanguages 
matheinatira, and the natural sciences." English tajccs the plaJ of 
Greek in, the Gymnasium program, and' more time is devoted * to 
r repen and natural sciences. 

In the Kealschtile and Oberrealschule the pupils- receive broad '' 
. prvparation for business careers. With ttis end in view the study of 
languages and of the natural sciences is emph^ized. 

To fomulato more definitely our conceptions of Prussian ideals in 
standard s^onda^y schools, it will be well to consider the program' 
of the offici^ Lchrplan. While certain optional studies are offered 
only exceptipnal students attempt them,^ the regular work k 
extremdy,^ay. I-rom IV on, in all of the schemes, music if^de- 
manded only of pupUs with real ability. The bracketed numbL in 
two of the tables indicate when hours may be different^ distributed . 

quently rfxralt their apprehticw fr6m such graduates. business housi^ i^nd banks tn- 
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quenuy remm their apprehtiew fr6m such graduates ‘ ^ w 

sAiilen uid OyiMuan Impart laatructlpn with a vlaw to pnparlng nwa 

oi&vag.bMweoDVolkaachohnan.l'-hlfh.rwhools'-liaalaenmuoh^ltldaed ^ 

a i,a,l,of wmUth. gha Vhlld^hopaaM hl-tanth yw l7a 

(iymnasluin or Raabchuh l^ora a tuition loo omim 130 to tso h abaraad '' 

manwtiy upon a c«iar In whid, unlvarrity a^SZ p^of 

qualiacUon lo rjny ol t ha hl»har wvammantal poaltlona b dattnltaly^MW * S^wTSS^? 

' An Amarlcaal^ar-. V„r ta aPruartin Oymnaalum." A Rapmt irtoa^iSil^ 
lha 4<<Taiioamant at TaaeUiic. EiaeatUmat Xnitv, »li, p. 38» i . vouBtetloo ^ 

• lom#:— 18 — e ■ , i * - 
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. ' t, - / 

. ^ ‘ Oymnasium. ^ - y' 

Subject! ^ 1 VI 

V 

IV 

' un 

1 on 

1 Ul 

I 01 

I U1 

r Ofi 

r Total 

• * \iquti^d. 

ReUKton 

Oftrmar* ***' 

. lAtUL 

Greek **“ 


1 : 

1 : 

» . 1 

\ 

» 

1 J 

\ 1 

3 1 

i ! 

t * 1 

3 ^ ! 

1 'i 

! i 
1 1 

1 a 

t ■ 2 

1 : 

I' ; 

i : 

1 1 

j ; 

1 1 

1, 1 

•' 3 

3 : 

3 1 
? r 1 

1 

f[./ 

‘ r ^ 

! L 3 

1 i 

K ' 

t . a 
1 r a 

f * 
L 2 

6 

1 : 

r r : 

‘ L, t 

I j 

? “ 

> 36 

! « 

36 

20 

1 17 

® - 

^ 34 

French • 

bumj 

. 0«omphT r 


\ = 

4 

t 2 
2 

1 : 

1 

3 

\ ‘i 

1 ] 

1 3 

! 3 

Artthmetlc, algebra, geomett'y, tiid 
tnsonometrv. 

1 

Natural science 


.Writing **** 

Drawing 

2 

OytnnaaiUca *1 

: ‘*3 

2 

3 

3 

- 2 
. 3 
2 

1 -3 

> 2 

t *2 

« 3 
2 





* 

* * 

3 

2 

1 13 

( '2 

3 

2 

3 

3 

37 

18 


OPTIONAL 

' Drawing 

Hebrew 

i 30 

30 

34 

35 

35 

35 

. .• 2 

35 

2 

2 

2 

35 

1 

35 

2 

2 

3 

> 304 
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'Subject! ■■ 

VI 

V 

IV 

UIII 

OIII 

un 

on 

UI 

01 

Total. 

REQUIRED. ^ 

RelWon A...... * 

3 

4 

8 

2 

. 3 
8 

3 

3 

7 

5 

3 

' 3 
6 

i 3 
* 2 

3 

6 

n3* 

-s 

•2 

/ 6. 

4 

3 

2 

2 

5 
3 

2 

3 

4 
4 

3 

*' 2 
1 

6 

4 

2 

3 

4 
* 

L, 3 

■ 5 i 
6 

y 

2 

3 

4 

■ 4 

•3 

■ .3 

• 6 

5 

2 

3 

4 

[ S 
11 

6 

5 

...... 

3 

2 

19 
28 
49 
. 29 
I.H 

u 1 

11 ' 

42 

29 • 

¥ 4 

16 

27 

18' 

Latin rrr. 

French. . 

English 

•History....' 

Geography 

ANthraetic, algot>rd» geonaetry. and 
^ , ..trlgonomotrv 1 . 

3 

4 

.2 

2 

3 

4 
3 
3 
3 
3 
3 

2 

3 

4 
2 

% • Natural sciemio ih 

Welting 

' Drawing w 


3 

2 

2 
. 3 

3 

/^*3 

3 

2 

2 

'3 

2 

2 

3 

2 

3 

8 

2 

3 

3 

3 


^ iOXftL*....* 

t 

OPTIONAL 

Geometrical diawl^ 

30 

30 

34 

35. 

35 

35 

2 " 

36 

2 

r 

36 

3 

36 

r 

2 

-w 
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^ Oherrcalichule^ 



% 

SulijecN. 

VI 

V . 

F 

IV 

U III 

0 III 

uiji! 

s' 

UI 

01 

Total. 

* REQUIRED. 

Religion.,: • 

• German 

,3 

« 3 

4 

0 

3 

1' 

3 • 

• S' 
, * 

2 

3 

a 

t 

2 

■ 4 

4 

2 

. 2 
3 / 

f 

5 

6 

/ 

^ 4 
4 

4 

3 

1 

5 

6 

2 

* 4 
4 

4 

3 

1 

5 

6 

3 

1 

5 

0 < 

ai 

47 

25 

■ 18 

14 

47 

' 1 
16 

> M * 

French. 

♦ English - •** 

' History.. ....i * 

6 

• Geomphy 

. Arithmetic*, algebrt, geometry, an'3 

y trigonometry.. ,...1 “ 

Natural science. 

• Wming..*. 

Fmehand drftwlng •*. 

Ojmnastlos ' 

2 

6 

3 « 

■ *3* 

3 • 

3 

6 

.3 

3 

» 

8 

■.3 

3 

3 

6 

2 • 
3 . 

3 

8 

3 

in 

3 

3 

3 

3 

8 

2 

3 

3 

3- 

2 

2 

*3 I 

Stofiiig..., 

■? . ; -..Total 

omoNAL# * ■ w 

. : Gepmetrlpal drawing - 

io 

80 

#■ 

84 

•F. 

36 

Si* 

36 

30 f 
2 

36 

3 

36 

2 .. 

807 

• 1 . 

■ 1 

■* 

. ’ j* » : ^ ^ 

^ • .Sk . • , ■ . . ■ , / . 

7;' W 

A'-m . .'•''^4' ■ ■fta. . '■ ^ t 

« 

— 1!^ 

*;V ■ 

,:4 

'a- ; 

-■‘'t' /, J ' v 
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Subjects. 


Religion 

Oerman.... .. 

Ardent languages. . 
Modem languages.. 

History 

Geography 


Oynina* 


&2 

8.6 

31:2 

<L6 

8.0 


Realgynt- 


A.2 

9.1 

10.0 

15.3 

5.5 

8.6 


Oberreal- 

scbole. 


0.2 

11.1 


23.5 

.6.8 

^4.5 


Selects. 


Science 

Writing 

Drawing...., 

Oymnastlca., 

Singing.... 


1L2 

0.0 

LS 

2.0 

8.9 


naiHoin. 


18.7 

9.4 

L& 

Ji 




ObenM- 


18.8, 

as 

8.0 

6.8 

&8 
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The extent to whijch these different type schools appeals to the 
Prussians^^poars from the following statistics: ^ 

Number of schooU and 0/ pupU$, 


• 9 . 

Clftssoy rs«boolL ^ .. 

• If 

Nipib«r ofschools. 

Number of pupUi. 

. Feb. 1, 
1909. 

. Feb. 1. 
1912. 

Feb. 1, 
1909. 

fA. 1, 

^ 1912. 

OymnMton. 

Rwilgymnaslen 

Oberreabchulen ' 

836 

138 

85 

169 

«842 
r 168 

102 
30 

• ^ 44 
. 177 

V 

102,297 
41,202 
34.736 
.4,497 
4,878 
\ 33,350 

“ — % 

108, A4 
60,819 
41,986 
3,787 
*4,346 
32,431 

iTOff ynioliSMn. » 

RMiprogymnAsien 

Rcsiscbulen 

. k 


These figur^fs sh^^w that for the three-year period 1909-1912 there 
^ was little change in the number of .Gymnosien and of pupils attend 
ing them, whil^the increase in this respect in connection with Real- 
^nasien and Oberreafechulen was very striking. There seems 
little reason to doubt chat these schoob'vitll outnumber the Gym- 
nasien In the not very distant future. For more tha n p^a^jcentury the 
iiymnasien have been the ‘^center anJ^trength of the Gennan school 
s^tem ; and while school of different nature have been estabUshed 
with a view to modem economic needs, popular prejudice i^^^Mtrong 
that only graduates of the G 3 mmasien are regarded as cultured.’'* 

In 1901 it was enacted that those who.^e ^^ripe,” that is, those 
who h^ve passed the Reifeprilfun^qn of (me GyranasienTRealgym- 
nasien, md Obencealschujen should be adrnJUod to practicaJly#equal 
privilege®, with respect to both civil-servi^ pmfeiinent and university 
matriculation. . 


^60 far as our fnrture' teacm?/ of mathematics is con- 
cerned, he may have entered the uni versity from anyone of the higher 
schools, but^f he had any teachers of Latin and Greek in the second*;^ 
wy sobools they must have experienced their fundamental .training^ 


to the. toptracal la^hschulen, to the cftreers-bf^^cer in the arniy /) 
navy, and, ultimat^y, to State exaininations 'atltlle end o( a;Wi/ 
versity or technical course.' Indeed, it is s^psy the.'oiily' entrance' 

" tft all h 1 gher*positions of honor and trust in ;*i.« 6 *... . • *' ' 

and siKsial licognitionV ^hich .it'is held is ^pi 
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To Obtain a clearer idea of the Wly mathematical, training the 
fu^e teacher has recpivwl, as well as better to appreciate the r«la- 
, t^i(m between the teachers worjc and his professional training, let us 
bnefly consider the- mathematical content of Prussians secondarv- 
school coumes as Well as the. nature of the emphasis in tSr 
presentation. . • ^ , 

On entering Soxta at nihe>ears of age the boy i» suppdsed to 

have the abibty to add, subtract, multiply, and divide simple whole 

‘ programs of the Reijgyinnasien 

and MberrettlschuJcn is as follows: 

* t'lhr'*’ oP««tiona With whole „um- 

V n “easures, and cunyncy; simple tasks in decimal fractions \ 

V (foiu or five 4»ouw): AruAmetic, common sMd decimal fractions; riile of three 

propaedeuUc, "enough to get the pupils looking at things from a 
geometric^pointof view.” . ugi, imm a 

* -4 P^blem^'in calcuIatiori.^‘profit andiT 

V— f ow, interest, discount. Geometry, Imee and angles; theory ot> ingles and 

cpiac^laterslss , Algebn^ propaedeutic. ■ ^ ^ . 

^ hours): AntAmetic, commercLJ. Algebn, ^koning with abstract 

' fl proportion; equaUons of the first degrw with one unknown quan- 

n TTI Js K quadrilaterals; -circle and a/ea; constructions. 

O III (five houra^ Algebra, theory of powers and roots; equations of th^ first cfeeree 
in severaiynkno^s; simple equations of the sccbnd degree in oqe unkn^ 

n II similitude; the length <rf a circumference 

U II (five houn)] Algebra, logarithms; equations of the second degree; graphs. Ele- 

w K tolid geometri) of'pUne and line; mensurv * 

uoA; onfique parallel projection. Z'* • 

0;i(^ehm.rs): Afyr6ro, arithmetic and geomjjtric progressions; compouiid inter’ 
imasinary .quantities; rfec^hocal and binomiiU equationa 
. harder quadratic ^nations. Ceom^ry.'haiinonic iq))ges and pencils; ndi<^ 

centera of similitude; power, poles, and i»lare of cycles. SystemaUo •. 
- treatment of row peomerry. Conclusion of plane’ tnyonorarfry , - 

O I (five hours) and U I (five hours): Algebra, permutations aTZbjlitions withV 
applications to the theory of probabilities; binomial theorem forjS exponent- V 
tte most imjwrtant scries; exponential, logarithm i^sihe, cosine, apd arith’ 
metic senes of second order; cubic equation^; maxift and minkna. . 

Gt^caleonie,, A^ . 

“PPh^tioM to maithemaUcal geography wd spherical 

■l»is only> a general way that such a synopsis as 4ie aboVo con- ' 
ve^ E defimte idea; t^is can be more adequately dorivoil from con- 
aulting aome Buch texts as tSose of ^ eiS; and Koppc-Diekmanh.» The , 

g*<« SammlMW am BettjMen uni AttfuOenm .... .mi., 

®f ttb tooui book bsTo.'boon sold; (be ono bondrod andeloveotti 'omttfar«& 
raw 0«to^ .. UnterrleluJ^ (a. 

J^p^md^b^trwmonww^ 

W. lilrttiMim, Btojf mnd MtMf der J^miekreu1tUrri(ku in DetitKkUmd flMUlT 
lM 2),Ull»sig, pp:; B.Hofm|iin^ Mathemtiteke ^d tit nn dtf 
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foDo¥^ official "Notes on method" are a^o instnictiy^.* ^ 

1. la the higher schoola the chief object of the mathematiciU inetnictionls to pro- 

vide fliich a training of the intellect as will enable the pupil to apply correctly in , 
independent work the idew and knowledge v^hich he has gained. . Therefore in all 
the various divisio^ of thi^>ranch the aim must be to st^ure a cleat comprehension 
of the propositions'' to'' bo d?^eIoped and of their proof, as well as practice and skill 
in tjmir application. Accordingly, the te&cher of mathematics, equally with the 
teacner of any other branch, is urged to use every opportunity to1Sster*a proper use 
of the mothertongue, and this point is most particularly to be remembered in the 
correction of bitten wqrk, especi^y ^f more independent work done at home, which 
in the upper classes is to 8e done, as a ^e, every four wpekA, in addition to the usual 
class exercises. ^ ^ • 

2. The instruction in geometry begins with a preparatory course, which, sUrting 

witli the ^nsideration of simple bodies,, develops the power of observation ^d~at 
the same time gives the pupil opportunities for gaining practice in the use of compasm 
and ruler. ; .• * 

all whools the mqpt careful attention is to be given to practiw in problems 
construction, and this practice must accompany the instruction up to the highest 
classeq; but any problem must be excluded which demands for its solution a knowl- 
edge of remote principles qr special skill in execution. By means of a reasonable 
• selection of exercises, which may be solved by Qoramon methods and out of the materi- 
als already at the pupil’s comnmnd, and through the clearness of his instruction, the 
leacher must awaken in nis pupils a feeling of ^dependent capacity and use to the 
full the formative force of such exercises. , \ 

4. The omission of a preparatory course in trigonometry and solid geometry in 
IIb of the Gymnasium does not preclude that, whenr these branches are taken up at 
the later stages, the first instruction should not be of such an introductory character. 
Trigonometry is to be treated at first by means of figures, that is, geometrically; and^ - » 
m, order to reach as soon as possible the solution of tri^gles, only such formul® are 
to be 'p^ticed as ye a||noluteiy required for this purpose. Solid geometry is to ; 

be^'with the connderation of simple bodies (e. g., cubes and prisms), -and a more * 

strictly systematic ihs^ction is not to be given tiU later. In modem schools such 
^ introductory course iif trigonometry and solid geometry must be eifclusively and 
under all circumstances followed. Here^ as in the earlier stages, models and mathe- 
matical wall charts will prove ot great assistance in securing, proper visualization 
and thoroughness of instruction: , ^ 

6. For the highest class 'of the Gymnasium the program prescribes the introduction 
of the. pupils to the^portant theory of coordinates and the simplest presentation 
possible of the fundkmental properties of conic sections, which also' he given 
synthetically. But it is not intended that ^stematid' instruction in anal^ical or ' 
the tootled ndW geometry should be given. ^Equally little do the formuhe ne^ 
Bary)jo upderstnnd mathematical geography and astronomy call for any ektended 
tteatm^t of spherical trigonometry. 'They may be simply deduced from a consider- 
ation of thb prd^rties of solid angles^ Here, too, as elsewher 9 ,\*are must be. token 
that, side by side with such knowledge, skill in its application is acquired, and this 
point of view, must determine, the selection and the etitent of^e material of instruction. 

6. Hie defect of the mathematical instruction in the up^r stage^viz, ^t'it is . 
tqp exclusively of the aatore of calculaUon— will be best remedied by practice in. 
geometrical ob^rvetion and construct ion. In solid geometry (quito'^art froin the ^ 

4), LafpiigrWW. S+M pif./and P. ZQhlk< 

UlSTwaT Et$iwuldtm (IlfUK, Bud UI, Heft I), ' 

VerwaUwag fti Preumn, June-July, 1801. 8w also Bpeclal Ito 

PortsonJEduoaUonalSohlioti, voL 8; (London, 1803), p.201t - ' ‘ 

/ ’ 
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SSte “f“ «peei^y imporunt to pre^ M,d anat tlM 

pupu u> uxKiwBtand tbe-pmcipl}^ of projectiye drawing. 

w ' ^_* **f ■“« “<le the eolution of proBleme in As different 

bimnchee of mathemnticB, there must be n coinpreheneive r^vieiFrof the theories end 
proc^ nlr^y learned. An opportunityjriU thereby pre<^t itself of giving to 
P“Ptla a fuller understanding of Uw theory of functions^th which they have 
ooAme a^uftinted at a previous stage. * t ^ * 

htoi, J^i!”*}* ™“l^maUc8 occupies in the curriculum of the 

schools does not prevedt-least of alTL the upper stage-the instruction from 
m value, if the pupil learns how thTresults of thT*ience may be aJpS 
to other biMchesof knowledge, whether they be those of everyday We^or ph™icai 

^ “>« development of his mathcmati^lLse 

by pi«tice in. apphcation in these directions. Accordingly, it is permissible to 
SSnt use of tho«s parts of physica,wliich admit of mathematic^ 

^tnfent, not only in tte physics lesson, but also in the mathematical instruction • 
In the Gynmasium. It is true, owing to the smaU number of hours allotted to the 
* ;!“• i“‘ruction in physicsand maths! 

7S ttoe towf “th“ euggesKy the brackets 

rf toe time-table. In the,modern schools, dwing to the greater number of hours 

there is not an equal measure of necessity for this combination. 

To give an indication ^the rdations ‘between teacher and pupil 

3m“m“5S)T"’ »■ (pf. 

The Ju^«uental inception of the teacher i^at If one who inculcate, a give! 
^iL**L^**T * preferably pafcive pupil. The ideal ieacher 

' whot!!^ ??.“ in -itsirLentation^he 4l p^l tote 

reti^ 3*’® !®“*‘®"‘“P^“d drills; the pijl receives and ^ 

-V "T«tbooks» such a. are used ever^ t ImS 
“®‘®®- “W«, charts, diagrams; etc., do\ot extot 
Tejtbooto in Germany%re literally confined to the “text" or, in history, to the Barest 

J)SS*a?tod »- covered, while all supplementary material, such » bio- 

gmphica^ and explanatory notes, suggestions on hard plades, the flesh and blood o1 

’ *>y teacher, whyets all forth in th^J 

atyle at^ contmand in the form of an uninterrupted lectA from which the punils 

■ “ “ iw -1^ F„ ,11 p,L^Jy ^ h.i/’di„,u, iS.i.ibro; 

to th« 1 f “ e^stive oral exlnination which forflis. the counterpart 

to the lecture, the two exdfm^ dividing;^e time about equally * * * Vol 

«>® ^•‘^P-Pil was in my eWien^ wholly lackinr 

. ^-h^ director .md master, but toe fact remains that the Ger^ student in 
both unlv^ty mid «;hool regards hi. alma mdler, srito toe 'total indifferTcraild 
" Sto *** '**** toward, perhaps, the postal system put at his disposal. 

"®*^* "•'teh he leaves theC- 

'T'* *“** te-^ictton; without toe coun- 

^ >^balancuig notions of opportunity and sympathetic ins pirfttion 

Tie most important examinatlbnai^ connaction with the second^ 
^ sQhoois we the mtermediate examination (AlwchlussprOfung) it 
the- end of the sixth acho^ ye ar, and the leavij,^ examin^tiorfi^ 









\ 
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fai^prflfung, Abiturientenpfttfuug, MatifrititsprOfuiur or R«if»- 
prOfu^) ' at the end of thfr\imth year. Tliis latter is the first real 
test of the pupil s ability, and We have already seen l^at those who 
mwt Its rsiquiremonts have. essentially advanced in their careers 
M sewnd^ schools approved by the minister of education have 
tno ngnt of nol^ng this oxamiaatiqn. « 

't-^n committee coiisists of a commissioner, who is 

fcuaUy the inspMtor (Sphiilrat) of the school (appointed ^ the 
Provinzialscji^koUegium),the director of the (Ws^ium, ReaLm- 

hasiuni, or OWeabchule, as .the case may be, and the teachers of 
Ubeipnma. . • # . . . 

exsmmations de'both written and oral, and the questions 

vT ^ ^ familiar to those- in Prime. Sot the 

•Oberre^c^ the written examinations in (J) a German essay; 

a^^ench or Enghsl} essay; (3) a translation from German into 
^ench or EnglM; (4) four problems in mathematics— one each 
from algebi^, plaAa geometry, soUd geometry, trigon^metry,'and ana- 
yUc geoni9try; ana (5) one problem in physics or chemistry The 
subjects of oral examination are religion, French, English, history 

mathematics, and either chemistry or physics. * ‘ 

In the written e^inatipns the time aUowed for tlm German essay 
IS five ho^, for mathematics five hours, for French da English three 

toTu-bers con- 
cerned, and^the i;iido3 “yery »gooa,-“ “good,” ‘'satisfactory^' 

barely satBfactory,". oh' “unsatisfactory,”, aligned according to 
the^rits of theipapots. *. 

. _^t<^ aU papeis are exammed'^and the errors ' noted, the com- 
^ttee discusses the attainments of each candidate and decides who' 
should or should nQt,.m its opinion, fe admitted to the oral exam- 
ination. A detaUed report of the-decisiohs iri respect to the standing 
of all pupils IS then made. to. the SchulkoUegjum. To it also are 

‘ y. papers and of the anawere 

handed m by the studeqts. These are finaUy examined by^the ' 
bchuh^who approves the' decisions o^ makes such chantflis as he . 

may d^ wise; Some weeks later he sets aadate for the oral exam- 
mationC ^ 

At th'e^rJ examination-pupils are brought in groups of 10 before / / 
a dmwncertmg array of 3oV 40 critical votnesses, many of them ‘ / 
gwbed m frocl|. coats and white gloves. The Schulrat. presides, imd ^ 

of the dty authorities and 

« K' ^ institutmn. t6ac^^of8 p^e' . 

subjects of the exanimation iflakqthe leJd in the quiSg, but at ^ 
any point the Scjiulr%t may also ffiterj ^t qoestiqns. ^ 

*JI£! wari(b oflatarwt: A. SohMte, tiU -ih - fin 
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A candidate fails to pass if ha la “unsatisfactory ”Tn German or 
m both modern languages. He may pass, however, .even though 
umatisfactory in one modem language, if he is at least “go^” 
m the/ther or m German or in mathematics. If “unsatisfactorv” 
m mathematics he i«ust be at least “good” in physics or chemistly 

rtpeatod ^*” *^*^ ® ^ 

The final grades are based not only u^ion the resultTSl the written 
vT* but also upon an inspection of the complete 

r^co^ of the candidates work diking Prima. As compared ^th 

the French sptem two features are especially striking: (1) The large 
part which the teacher plays in tlie Abiturient examination; (2) the 
percentage of failures-in 1902 bnly 15 per cent in the Abitu- ' 
nent exwmuatio^ gainst 55 per cent in the bachelier examine- ' 

eoiTip^ ‘ V*® difference in the method of examinations' 

wntrihutos largely to the disparity in the percentage of candidates 
who pass IS imuaUy conceded. A closer study of, the comparative 
questions mvolved would^e of interest. Of couise ’the young 
^iturieqton are on an average a year older than the bacholiers 
Their scholMtic training is therefore about equivalent to that?of *' 
student who has completed his junior year at one of the best Aihi>ri- 
wn. universities. The average age of such a student is about 2 ± 
The followmg table gives the percentage df Abiturioiiten of different 
. ages m Prussia m. 1907-8. . ’ . 


Ojnuaslj^ten 

RMlgymnft.«iasien 

Oberrealsc^aiar 


Wurt3 “““‘ematical questicyia set in RcifeprOfungen in 
Wurttomborg and Hamburg are given in Appendix E. 

« WUINING OF SECONDARY-SCHOOL TEACHERS. 

- to tKe scientific training of teachers 

'* been adopted by 11 other- 

teth!Tfif!iri divergence m the methods of stiU 

r r ‘bat the same 

S V “l^^I stahdards are maintained. 

- who has satisfied the tequire- 

Le>P^> or Karlsruhe, or Giessen, or Rostook, or Jena, or 

1 . ; 

■ . ■■ -■ ■ .. 






Porcento^ Of students aced— 1 

V’ 

16 

19 

30 

21 1 

and oldar. 1 

4.0 

4.1 
3.6 

28.6 

30,1 

26.4 

30.2 

34.6 

34.4 

20iO 

18.6 

219 

114 1 

114 1 

1L8 1 
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Brunswick, or of Strassbiirg has equal privileges in Phissis with the 
• candidate who ha^<fn6sed the corteeponding examinations there, just ' 

as the latter has equal privileges with the formeir in Saxony, or Baden, 

or Hesse, or MeckleiJ^urg, or one pf the ThuringiaH States ‘ or Bruns- 
wick, t>t Alsace-Loi^aine, or in States which have no examination 

commission.* ^ ‘ 

Bocin^e of its predominating, influence, a description id smne 
detail’ is first given of the Prussian system of training secondary 
school teachers; then follow brief sketchee.of the corrtnponding 
organization and, when possible, -mathematical examination ques- 
tions fonoach of the seven other States with a population of not less 
than 1,000,000, ^namely: Bavaria, Saxony,, WurttOmberg, Baden, 
Alsace-Lorraine, Hesse, and Hamburg. 

* I. PBUSSIA. U 

' A candidate for appointment as teacher of mathematics in one of 
•tl»o high^chbols must first of all have completed the full course of 
a Gymndsium or IJealgymnasium or Oberrealschulo. Ha must also 
have atudied for not less than .6 semesters (the ayerago is nearer -8 
or 10) at one 'Or more of (he German univereities,‘ directing his 
attention spcci'^lly to those subjects in which he is later to'be ex- 
jimined. • 

Tlie examination is known as the examination pro facultate docendi 
or the Staatsex.amen and js cond^deted by a royal examination com- 
mission OKOniglmho'Wissenschaftliche Prufungsbommi^ion) which is ^ • 
composed for. the ^ost part of university professors mid school- 
men; the chairmanship is given to a schoolmain. There are 10 of 
these examiimtion boards in PruMia, one in each-of the university 
centers mentioned alcove.' ' • . ^ • 


are: Schwarxburg*R^oIstad^ Schwanburg^SondershausenJ 
ir, Saxej Mrtningen, Saxe Coburg^Qptha and Saxe Altenburf “ 


Reuas &. 


^The Thnringtan Stit#e 

Reuss i. L., 6^e Weimar, Saxej Melnlngen, 

>See W. Lorey, StaaUptUfunf und prakti»ehe Ausbiidunc der 
iln this connection I have fr^uehtly draWn upon the oiOt^ regulaUona otJ\} . Brown's work 
nt Is only In exceptional casei that ^candldau may spend £9 than throe aemeeten in a Pruiata^ ntu! . 
veiHity. For candidates who aspect to teach mathematlce, phyalro, and chemlktry, rogular xtadv in a 
German technical school (TechnUsche Bochschule) is rockoned equal to study German onlvar^ty to 
toe extent of throe semesters, candidate who seeks e teAing certificate in FrWmh or English and has 
devoted himself to UngulsUc studies aJong^th^lehUflc puraulU in countries whero these languages aro^ 
spoken may, by special pervasion, have this period of study count for as much as two semasten toward 
toe proocrlbed period of unlver^ work. j 

• In »10 the number of membins In the exam i nin g boards"^ed from 2t at Ko^bvf to 45 at Berlin 
In aU 10 oommisslons there were 350 members.' Of these, 37 were enmioere In mathemadca, 21 in pbyaica.' 

In pure matbematioB the examli^ were as foUowi : jr<mlp#6rr^Meyer and Bohoenfliw: Brrifa-Lamna 
Knoblauch, and Flrben <?r^f'#ifoW-EngeI and Vahlen; jffMba^Roianaa, Stonn, and Votfc 

BoU4 e^^-Cantor, Wangerln,|jOuUmer, and Eberhard; irW-Pochhammar, HefTtv, and'lemdsb« 
Hilbert, and jLandao; ifttiMter-KlUIng, ▼. LUUentl)|a, and Btaokinborf; irerOurp- 
BensM ap^eoinann; Bon»-r8jiady, London, and Hausdorff. AU of ihese are profemon In onlTtnltts 
axoapt Lamps, of the Technlsdie!Ho ch adiole; FArbtTj profmor in an Olitniiaiiiluiia, and Vo«t and Btaak. 
aoboaprafeaNis in Gymnasia^ aiw 


OhamalMKi^; and 

' y • 
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appjicstion tor examinatioJi must be sent by the candi- 
d te ^ the chamnan of the commission in the district where the’ 

' A ^*® application must specify (l) the subjects 

to candidate expects to quaJify . 

•«u.»h t in which the candidate wishes to receive sub- 

jTOte for the two home es&ays or tJioses, one in the “general exanu- 
na^n and one in the “special-subject examinaUon. ’’ , 

lue applicatioD rhust bo. accocDpanied by 

(O) A bio^apMcal sketch in thiandidate's own handwriting 
Sm"® “ hjachool training and academfc 

^ (i) The originals, of the certificates showing that the candidate 
has done the required-work at higher school and univemity. 

{c) A statement of military status. . 

®®ndidate has already rec^eived the degree' of 

•an^th^so^^.f'“^T'®**°^ two parts- The general examination 
imd the sp^ial-subject examination. Both of these are divided into 
•written and oral parts. . - 

P^^POse of testing whether or 
®®"didato posa^es the general culture demanded of all 
sotools. The subjects for examination are pliil- 

be£'to'1h®"t^' ?®™T “d, for the candidate, who 

bdongs to the Otnatian church, religion. T>e home thesis may be 

SrsubW^J^rnf concerning 

!w treated, but also show himself capable of a^ammati^ 

coirect logically manged, clear, and sufficiently skimuiJSui 
rli \ n L examination it is required 'that JjKmdidate 

Sv if nr? ®«l««mtod Witli the' most import JScTin the liis- 
il principles and psychology, 

S^SLTamV '"f »"^P^pWlo8ophiSf treatise^ 

toin^.^ its philosophical 

Son™ "I® important phenomeni in their 

S i * sixteenth century, and shall have already 

JJi TrS ’“‘•«”‘“ding of the probleni of his futiire calling; 

(e) shall demoMtoate that he is familiar with the general courae of 
development of Qeman literature from the beginning of the bloom- 
ing penod m thyeighteenth c<»tury, and that since leaving Iteh ool 

^ w io»-^ 

intlNuainlBttloiL . ** ®“ Om oMitot*. Oi* Ins unoont to M mirki (tlCJi} lot tko 








he has also read with understanding for his own further development 
the iiftportant works of the present day; (d) shall show himself 
acquainted with the content and connection of the Holy Scriptures 
with a general survey of the history of the Cliristian church, /md with 
the principal doctrines of his denomination. ;Tlio general oxamin-' 
iition IS a formi.lable ordeal, and as each oxamincr is usually a uni- * 
versity profes.sor and a specialist in the subject the candidate fre^ ) 
qucntly anticipates tliis oxaminatioh with grcaler appreliensioiy^ ‘ 
than that in the special subjects which he is preparing to teach. \ 

Tlie speeml-suhject examination is to test the acquaintance of ' ‘‘ 
tho cAiulidiito with tho subjects which ho expects to teach The 
state regulations list 17 subjects,' in 3 of which,* a major and two 
minors, the., cauilkhite must qualify. Choice is hniifed in several 
ro,s|)octs. For e.\ample, wheii pure mathematics is a major, pliysics 
must bo a minor; and appliei.l nmtiiotaatics as a major can be chosen 
on^ in connection with pure mathematics as a minor,. Pure and 
upphod mathematics and physics^ro frequently chosen together- 
chemistry with mineralogy, or botany ami zoology, or geography 
are also olectotl wiUi pure mathoinaijics and physics, but such a 
yunl suhjccUas French or English is afeo possible! 

To pass tho'sinjcial-suhjoct examination the candidate must 
(jualify for tile. first gnwio in at least one of tlio subjects and in two 
more subjects for the second gnulo; ho may bo certified to instruct in • 

(he first grayle; oven though in liis application Jio intended to qualify 
(UilyfoF-tfie second grade. ^ 

'f^olScial regulations make tho following statements with regard 
to the requirements of the •special-subject examination in .pure 
mathematics, applied mathematics, and physics: 


o 
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wence; ag well ks the ability to prove these, laws mathemaUcally as far aa this i* 
^ible without.the application of higher malhemaUcs; acquaiiUance with the meet 
^rUnt apparatus required for school instruction and practice in its use; (6) for the 
tot grade, ui addition, a more exact knowledge of experimental -physics and 'its 
' fundamental investigatidns in one of the more 

theoretical physics, and a. general surve,y of the whole field of 

Tho socoTid thesis is on a subjek for which the ’ candidate ' 5 oeks a 
hrst grade. To finish this thesis as well as that of the general exami- 
nation a limit of 16 weeks, beginning fvith the day of delivery of 
he themes, is .granted. Under certain circumstances the exami- 
nation commission m^y extend the time not th exceed 16 weeks 
• t-wo theses a dissertation Warded by a 

Prussian faculty pf philosophy as satisfactory for the degree of doctor 
of philosophy ^ay be accepi,ed as eouivalent. The examination 
commission may require a' candidate to stand a written examina- 
tion on any subject of the special-subject exanaination. The time 
allowed for this does not* exceed three hours. . ^ 

> ^the oral examinations occur after the written examinations and 

beei^handed in. Upon special' reqitest.of the 
ciif^didate the chairman of the commission can separate the oral 
.examinations of tho general and special subject examinations by a 
period not to exceed throe mon|hs. ' 

After tho oral examinations tho commission determines whether 
or not according to tho results of all tests the certificate is to l,e 
r marked satisfactory,” “p,od,” or "excellent.” For the predicate 
good or excellent the candidato must have qualified for theY 
hret g^de in at least two subjects. The oortificate is now much 
less elaborate than formerly. The following is a sample of a certificate 
.Rt MunS||ior in 1906: 

..“r : «t 

Eaflter 1*902 at Pip Pvmn ’ " ’ confession, gmdua'.ed 

ZZ; ’ V and studied mathematics'- and 

- ’rG^ iroiridT T' ^ 1903. at Mmu^ler. in theSnimmer of 1903 

at Gottin^n* and from the spring of ‘1903 to tha spring of 1 905 at Munster 

, On the-btoifl of authorization, dated October 25, 1905. to be admitted to the exai4 

^ geodetic reprasentation-of a surface on a plane. In philoeo* 
dirferent u^trepretations of psychophysical law * 

' examinatiyns took place in the period from November 20 to Deefember 4, 

» ’i* ' ' 

‘’***':" e^inatibn for the position of teacher in the 

h^^^TOls, a^eccording to the entire result of written and oral examination- the 

‘ ‘ 'V * ' ’ 
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For information concerning the work of the S^narjahr, yon are referiU to the ordi- 
, I nance, dated March 15, 1890, for'the practical education of candidatoe for the poeition 
teacher in higher schools. 

' t t Royal Scientific Examination Commission. 

Munster, pecember 4, 190$. . . . ’ 

(Signed) 


a 


Caubr. 

KI4.LINO. 

ROsse. 
Fell. * 
Geyser. 


Spickbr. 
Konbn. ^ 
^ZOPF. * 

Bellowitx. 

Burz. 


-Undor certain conditions oxarninations covoriii'g doficioncios in the 
first oxamihaf^on aro allowed. Thfe percentages of failures in the 
Staats-Examen in al[ subjects (thorp aro no specia^tatistics for mathe- 
matics) aro considerable. For the year 1908, these varied from 20 
per cent at Gottingen to 47 per ^ent at Mun^or. •' To most of the 
mathematical tcandidatbs ^ojpassed the predicate “Satisfactory” 
was assigned. The followingSxact stattstics may -be of interest: 

► 

> Resulh of the Staats-Examen/ 


^ i 

Universities. ' . v 

# * * J 

Satisfac- 

tory. 
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Good; 
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Of all dissertations prosontod in\1908, 34.9 por cent wore not ac- / 
. copted. Less than one-half of tho Prussian teachers have taken the 
trouble to secure thtf 'doctor's degree y^hich they look upon as a* 
somewhat unnecessary luxury. For many years no written exam- 
ination was required of candidates with a university degree. 

Anyone who has the above-mentioned certificate can; within the 
six following yoAre, take an additional ejfaminat ion, either to qualify 
for instruction in new subjects or to extend the certification already 
granted, in order to raise the final standard of the certificate, provided . ' 
die is recommended for admission to such examination by the Pro- 
vin^ialschulkollegium under which he has been working or is appointed 
to work. . - ^ 

*!^e examination pro facultate docendi was first wtablished in 1810, 
and by 1826 Prussia had introduced a plan t*e(|uiring all candidates 
who had completed this- examination to spend a probationary year 
(Probejahr) aS| trial teacher (candidatus probahdus) in some apr 
proved, school. . In time it became apparent; that the Probejahr did 


■■ ' 
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ot adequately meet desired requirenZts, that .something should 
ard^o7n” out undesirahle candid^ and to elevate th^e stand- 
ard of prolossiOnal attainments. Th<X considerations ^d peda 
- go^ical exp^its made by ZiUer at Lbipzig, Stoy k't i^na ^d 
^»ny M H.Uo; w to i dto* iS l»9of »t.bSh'inr2 

• ^ f" “I'li'lMm sro to bo “Bodo fMnlUM- wlb 

.the theory of education and instnictioii in its application to tho 
seimndary schools afadVith tho motliods of the individual subjects 

’ of h« r T’ introduced to the practical Lvk 

the toachor and educator.” The Probojahr now sorvek primarily 
M a teat of tho leaching skill won during the Seminarjahr. ThJ 

• . fo\ owing descriptions ofthe two years ofpracticaUraining of candi- 

itiSron908^'^“ ^ and Probejahr are based upon tho revised regu- 

. to the Provinzial.schulkollewum in whoso , Hi- 

pJed The application must he accom- ’ 

“ i u certificate of having passed the StaSi^xamen; (6) a certificate 
attesting that the candidate ^the nclces.sary health and 
fT ''“aT of a teacher: (!•) a sti.temon.’^bkSg f3 

m 1-“ ”> p“‘~i . 

^^mmarufn ^ in. connection With various higher nchools and the Pto- 

J^mlBchuIkdllegiun^^^^ the candidates to 8chof^ at Easter and in. tho aiUumn 
• \ candidates may be asaigned in a you to any ono acminar and 

rf SiS iT" wcifas the special ii 

Th^ director and tho tekshers of a Seminar are named by the 
Provmzialschulkollogium from kmong the staff of‘'tlio higher .school 
whpre tho Semmar is located. Tho systematic training and practice 
tions- ou*- ip accord with the following regula- 

in ?! c^ddidates weekly ses.«ions of a\ Ic.ast tw6 hours Mch are, 

to be h?ld during the whole year (vacaUon time excepted) under leadership of the ' 

ad^d also. In th^ meqtings the academic forra'of lectures is to be omitted asfai 
r ®“P’"““ "hould 1,0 laid on discussion and instruction 

rX S beZter'^ suhie^ in par- 

nrSirmi’'7ih i“tT«ctron, together with theirjipplications to thegeneraf ‘ 

St in WhthT to the <»nduct of the 

subject in which the candidate is preparing to teach. * 

1 .of; thv evolution of secondary schools, including an account of the ' 

rtrSkii wu""* “■•j- pWd., 

• »nd,P^ncitlon ofsecondary schools, the official cour* of study 
t«^tdtag exanunations, the rules residing student credentials add 

“•U'rtrated ao.faf a. po»iblo by current exkmplee, and 
by dweuaaioiia of examples of a concrete type which have come up in tho sdiDol at 

^ ■ i A 


m 
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^ other times, rules of conduct for students, dmcussions of the relation between school 
lod home. ' • ' * % ’ . 

School hygiene with special reference to equipment of the classroom and to the 
conduct of the class work. ' * ' 

^ Supervisory authorities, rules, and regulations govhming the officia^,<frelatio^6 of 
the teacher and class maslers (Ofdinorien *), including the fdJms of offiold communi- 
cations and reports. - ^ 

, * Provision is al^ made for (1) visits to classes by the candidate; (2) supervision of 
' the preparations for instruction ma^e in the subject which the candidate is himseU 
to teach, and of the metnods of correcting and Handing bach|^e work of piijfUsi'and 
(3) discussion of tne 'personal or other aspects of?the trial teaching of candidates. 

In the same section of the regulations we find that — \ 

according to the requirements oiy the chairman, 'thi candidate must delive^ short 
reports on subjects lying within hia held; ho must al^ giTo lectures in which special 
emphasis should be laid on the training of the candidate in fluent speaking. 

Minutes of each Seminar meeting jAust be prepared by, one of the 
candidates. These aref kept as formal record of ♦the work done at 
the conference. Parts of these' minutes, as well a^ of the topics 
given to the candidates for their reports and their theses, to be re- 
feiTfjd to presently, are exchwiged between Senqjnarien for the mutual 
stmitnation of teachers and directors. 

Practice teaclung begins as soon as the candidate feels soiflfewhat 
at home in the institution. The regulations state: • . 

In these lessons the teaching topics, which at first arp limited in time and^mportance- 
have to be ^ually extended according to thq ability of the candidates, |o that they 
ma^ have the opportunity to test fhoir own |>ower and to be trained in independent 
instruction. For these lessons the candidatep must fiuthne the subject matter, and, 

“ ^ong^as the supervising teache^^thinks it necessary, they must perpare a lesson plaa. 

About once a month the candidates musi teach lessons at which, as a Idle, in addition 
to the director, the regular teacher of that jmbject and the other ciindidates must be 
present. These lessons are to be discussed in the general meetings with reference 
to their plac^ahd development (as noted above); in this discussion attention must be 
drawn to mistakes which the candidates have made in their preparation, in the 
pedagogical treatment of the pupils, and in their own attitude before the class. * * * 
The candidates /nust also take part in the direction of play hoirrs, and, when neces- 
sary,^ alsox)f ^^ork hours, as w.ell as ii; the physical exerpises of the pupils and in school 
excursions. .* ' . . ; * , . 

As far as the local schdpl conditions permit, candidates should, sometimes be git^^en 
opportunity, to attend lessons in the Seminarlen of elementary teacliers and in (Afferent * 
kinds of elepjfentary schools. •* * * * 


* ®^d)6nlii6Claa8ae of a hlfharadioolhai a cisas master brprdlnarlus, who Is a regulsr teacher chosen 

hy the director to act as hlrrepreientatlve. ‘‘The class nmster is expected to tea teacher, guide, and friend 
ofhiscl^. All.other teachers report to him, and tte class record to hJs special Pupils must first 

^kids advios. bafors going to tlio director; te bdoomes personally acquainted with the parents of hto bovr 
^tudies tte qondiUoo of their home life apd Uwlr oondodt out of ^ool; he has charge of tb£ trial teachers 
who may te assigned to the olasa, ind aeee to It that ho harm comes from their teaching; and in all faculty 
i u spokaaman for hto claaa. Prom the repc^^ of otter teachers he khows Just whtf 

^ tech boy to doing, and is prepared to talk intelUgently with teacher or boy, as tte case may be. Thw 




. Wiwu ur 

M l8 fispooalbl* fev Uie iDdoft^^ progreqi, and mor^ of bU 
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^ monthaWoro the end of the Seminarjahr every candidate miut hand b 

fofwhiT.h Wm by the director. ThcHO tieaca, in the choice ofl^ia • 

for which thcre«.nable wiahea of the candidatee ahould be ennaidered. are. aaarSb 
wconatatc^ that they include theoretical considerations and practical upplipoiioaa! 
^ey ^ould noHnyolvethe treatment of an, olahorate liteAry subject, but tho^otad 
g w the candidate the opportunity, to work out a literary subject witliin L field 

h^hlA and experiences. Even if the candid^ 

a very extenaivo-teaclimg experience, oxempUon from this fim^ thesis is not 

V The tides iif .some recent theses at the Seminar connected with the 
Itealgymnasiuin at UeinscJieid are as follows: 

On jnstruction in plane geometry for beginnets.- 

Introdu^n to algebra based upon simply equations In Untertia. 

The discilSShin of trigonometry in UnterHokiinda. 

sclfuler"^*' inMruction of the Real- 

. ■ * ■ • ■ * * 

At the Seminar connectc .1 with the Kli„ger;Oberre,dschule in 
JlranRftirt on the Mam the themes assigned included the following: 

1901 Three h>ssons in Unterprima of the Oherrealschulo forming an introdiicUon 
to synthetic geometry of conics. ' 

1M2. The area of the circle. Three lessons in Oherlertia | 

■pilill."' ■" .1 » 

1905. The circle .and prop,^„n. Four lei«,ns in .Oberterlia-polc and ixOar vrilh 

At least three weeks boforo the end of the Seminarjahr the director 
must prwent to the ProvinzialsdiulkoUegium a dctailetl charaefer- 

■ dul°r hlT IH'>^<'n.d, observation nm.le 

during his training. »This characterization freats of^ ' 

the conduct and acUvUy of the camlidate during the .Seminarjahr, of his ambiin 
iM i-apacity for-scientific work, his ability to tea.1. andU^aiage reici cl L toX !' 

atSud“'“'!f vi of health, hfefinanihil jmsition Ws^ial 

atUtu^o.and behavior toward his colleagnes, so^tliat the supervising aiithoriUes 

wndidate 8 conduct, ambitions, and altainiivnlH. Tho thesis with the criticism «I 
^dwetoror the teacher in charge ' and the application for admission to tho I'roW 
jahr, must accompany the diaracterization. • \ 

B it U Uie un.iiim0U8 opinion nf II, o Provinzi,a..iulkoaMinm thnl 

L. Xu’j U. “"“J I" .‘'“"'""K P™'-"'!"". tho Si,di<l«t. 

IS inform^ that he can not be admitted to the ftobejalir;' 

p thAiughout Germany. :Of 
these the -49 iri Prussia with a capa city of apj^roxiiriatclyaod candi-’ 


The pr^icates 'satisfactory/' ‘Igood/' and "excellent" are employed In th|s com 
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dati's were of two types: (1) The 12State institutions under the direc- 
tion of tlic ProyinzialschulkoUegicn; (2) the much more numerous ^ 
class of institutions connected 'with leading Gymnasien, Real- 
gyinnasien, and Oberreolschulcn, and each under the control of the 
director and som.e asspeiates in the school.* 

There are many who consider that the Seminar system of Saxe- 
Weimiir is founded on sounder haksis than is that of Prussia. In this 
Duclu the .candidate is required to attend lectures on general peda- 
gog} at the University of. Je^a, to teRch at least two hours per week 
in the university practice' School^ and to carry on the work of the 
Scnunarjahrand-Probejahr in the city Gymntisium where the higher- 
s>1kh> 1 practice teaching is done.J In this‘wayT>ro 3 pective secondary- 
school teachers can avail themselvc's of nrverre .scientific and. critical 
treatment of training than is possible on the part of a busy- director 
and his staff, 

In the summer semester of 1909 and the wunter semester of 1909-10 
the following cou^5es were given at the University of Jena: Ele- 
ments of empii;ical psychology' (2 hours -a week during a semester); 
agplied psychology (2- boursi; attention (1 hour); gencrardidacticJ 
(2 hours); pedagogic seminary (3 lio.ufsvn week during a year); psy- 
chology (2 hours a week during a semester); neurological diagnosis 
with practiciil exercises (1 hour) ; discovery and treatment 'of tnontol 
ttoa|\nyss in youth, for physicians and teachers; principal problems * 
of ethics and jurisprudence (2jiours); Herbart (2 houraX; Special 
didactics (3 hours). 

Tlicre arc other univei-sity Seminarien at Leipzig and 'Giessen, but . ’ 
while, most of the universities giVtf courses which are especially 
valuable for the profc.ssional training of teachers, some universities 
arc hostile to Viloscr.relations. The Universities of Munich and Wurz- . 
buig arc of the opinion that "pedagogy as ah isolated science is able 
to produce no crwitivc, scientific work;’’ that "the university has . 
for Its purpose the ndvancenient of the scicnlific and purely cultural ' , 
training hf students;’’ that "tho-unioii of practice schools with the 
universities should be opposed not only by considerations of prin- 
ciple, but by great practical difficulties as regards the personnel of. 
teeners, the number of pupils, and local relations,.’’ 

Tli(> following courses vv»o offered at the University of Berlin* in > 
the summer semester of 1909< , . r 


Genera] psychology (2 eemcatw hours); theoretical and expcrimentfil exercises in 
psychological-institute (3 hours); the soil of primeval races (3 hours): exerdsea in . 
iw psychology (U houre); pedagogic theories from Plato to Roussmu (2 hours); 


• The" beet book on the subject of the gymmulal Seminar seems to be Z>of pqdogogtidU Seminiir bw ni- 
sysllm “ST ^ ^ 

fb his work on Tnining ^ Ttaiher, J. F. Brown gives (pp. Regulations fbr the 

wninar of the university and Its practice school at Jena." ^ 

»a. Rep. U. fl. Commiss. of Edup., 1912-13, toL J, Washlnltbn, IP14, pp. W-ai 
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scientific p^agogic exercises (1 hour). In the winter semester: Psychology with 
demonstrations (4 hours); lectures, and experimental and theoretical exorcises, in 
psychological mstitute (10 hours); general psychology (2 hours); the psycholoi^ioal 
foundations of education (I hour); ethics (2 hours); Kant^ethiCs (1 hourV. probh-ins 
of nu^lcrri culture (2 hours); Iho theory of instruction (2 hou^; scientific podiigogic 
exercises'(g hours); discussion of experimental p6dagogy in connection witli lectures 
(I hour). . * 

i^*robfjt!hr~Tho Probejahr gives opporfunity for censetMitivo 
tenching under ronfinual inspection and criticism in nn institution 
\vhieh. is usually tlifferont from that in -wliich tlio Seminnrjahr is 

• spent. The eiuulidutc js intrusted, according to. his qualilication.'S. 

with larger eonnocted teaching problohis and 8 to io hours a week’ 
of rtcluaj class work. The dandi^lato is also obliged to exorciso super- 
vision, to, attend teacliors’ conferences, to assist the director in 
making out reports dn<l chocking lists, and otherwise to identifv 
himself with the life of the scliool. For this heavy burden of work 
no compensation^ is <^iveh. In e.xceptional cases the Provinzial- 

schulkollegiu^i may employ the prohandus a^ a scientific. assistant, 
for substitute teaching or for additional work.* In tins case the 
candidate' receives remuneration; \\e also receives the riglit fowoie 
in teachers’^ conferences on all questions which edneern the <-Iussvs 
lip conducts. > . . 

Tt)o director nui.'^t watch the conduct/ ami activity of the candidate, visit Irim fmm 
ttmc to time in hw lessciiia, and draw his attention to accidental mistakes and, if 
neee.ssary, warn him seriously, by indicating the conse<iuences of disregarding tliis? 
advice., ^ ' 

The teacher.in charge of the tcaining.of the candidato.is obliged to attend the candi*. 
.(Jitle's le.sson very often in the boginuing, later at least twice^a month; -to examine ihV 
papers which vho has corrected; and to advise him concerning matU*rs outside of 
iuhtriictiou. ^ 

# The camiidato should learn to use criti Call v Rcidt s A?}h:ituii(f"zum 
mathetnaiisvhen Uniemcht, Simon’s f)id(ikiik\ and Iluller’s reccal 
Handbuch des rtuithematischen rnterrichts; similarly with, flic Iiaad- 
hooks and encyclopedias of KilJing-IIovo.sta(it, Tlueme-Parhcr, 

. Scliwering, and Weber-WelJstein.* Tlte candidate should also work 
tlirough F. *I^ein’s Vorlesungeji iiber Elfmentarnuiihimaiik vom 
hoheren StamlpunkU au$} The study of the history of mathematics 
is also specitdJy recommended to the candufale if he lias already 
carried on someyiistoricffl study in. mathematics. 

> In sucb.casos the amount of class toachlng intoy be as much as 20 to 24 hours a week. 

• W. Killing und U. Ilovestadt, IJandbuch dea mathemaiitchen Unttrrichu. Leipzig, Teubner, lOlO-lOl i. 
Avols., 456+ 482 pp. 

^U. ThJeme und C. Filrber, Orundlehren der Mttthematik. Leipzig, Teubner, 1902-1912. . I vols. 

K. Scbwering,//anJ5ucA der EtemerUar mathematik f Ur Lthrer. Leipzig, Teubner, 1907.'^ 416 pp. 

U. Weber und J. W^llsteln, EruyUopdiie der Blemetaf-Mothemaak, Leipzig, Teubner. 1909-1912. i Vols.; 
5M+G0S+M8+681 pp. ^ 

•-4 sketch of. the teaching, In German universities, of elementary mathematic^ from higher stand- 
points, is given in Lorey'i Dae Studium der Hathematik an den deutechen UnivereitUten, pp. 263-271. 
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As. pvidenop of the amount of pedagogical inaight obtained, the 
cflmiidntc must present to the director toward the end of theProbe- 
jalir n report concerning' his own work as teacher. 

,A( Ictust three weeks betore the close of the year the. director 
n'lnuls coneerning the candidate to the Provinz'inlschulkoUfgiam. 
The iiiidire of the report is similar to that described above in con- 
neefioii will) the, dulies of the difeclof of n Seminar. On 'the basis 
uf ihcse reporl.s, of t he. observations of the district advisers (Schulr&te) 

^ anil of (he result of tlie two years* of practical training, the Koilegium 
soon decide^ whether oi;,j^imt the enndidato possesses Anshllungs- 
mi.ihil or qualilication to have his name inscribed on the list of 

'tearlieis eligible to appointment in the higher .schools. 

If iliete is doubt as to the candidate's qualifications, the Probejahr 
, is oiolonged six months. In any ca.se a certificate concerning the* 
lem hing ability of a candidate can never be granted if— ** 


in ilir mo.uitime it has (iccii proved that Iho candidate either throiich physical defects 
or llimni.'li imavoidalpjo pi.||iiooj;ie defi'otii i.s unable to rullill his dutio.s as a teacher 
er .•<liu:i|.ir of youth, or if tho candidate on account of liis conduct within or with- 
nui iIk- .m Ii.kiI a|ipears nntit (or the •.“achiiig profession. 

It rarely bappens that a ciiutfidate fails of eerfi'ication af the end 
•of the IVobe/ahr. since his defects are almost sure to. bo brought to 
li.;ht m the .Semliiarjahr whiiji is extended for a year or half year 
, at another seniinar when any doubt exists as to Ifis ((ualificatioiis for 
tlir 

I'cachers m all secondary schools, whether under .Stato. city, or 
•other patronage n5usl .be selectisih from tho provincial list, lint 
while State iiistitutioiis are required to .select their., teaelieiN with the • 
ilesiied <iualiliv.atioiis in order .of seniority on tlic list, other schools 
an free to .select, rc^irdless oPorder. from the six higliest on the list. 
In n'ceiit years the appoiiitmoiit of teachers to positions- has followed 
vi ry soon after their names I'lave been placed on the olTieial ''list. . 
For mteie-sting details regarding' appointment and promotion of- 
teachers, the reader may consult J.*E. Kussell’s Wk (pp. 370-381), 
wKUen ab(^t 18 years ago. ‘ r ' ^ 

To make moro api>arent the .opportunities' of the future teacher 
for snjdying mathematics at the university it mav, be well to con- 
sider details concerning specific cases. As- even" in Germany tho 
very large number of courses iq pure and applied mat hematics which 
are offered each year At tl^ University of Gottingen ai*e quite cxcop- 
tioual,* the following illustrations are cited: (a) The courses offered - 

‘ *.rt intcrc-Htin(idl!»cussion/of the prepara^tlon 0 / teachers in Prussia is contninod in W. Killing's “Bemer- 
kunpen ttlwr die AiishildunpMcr Gyipnasiall^w,** Mretberiekt der deuuchen MathemaHkir^ Verriniouna ' 
Band 22, 1913, pp. 20-54. .h 

. -For an account of raatheinattcs at Gottingio, im Lorey’i J)tu Studium der MiUhtmatik an den 
ieutnhen U niteyeitdten, pp. 347-5S0. * • 
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at tho Univorsity of Berlin^ durinij lho surnmor somostor of 1014; 
( 5 ) tlu* nct4iallist t)f rovirsas of study (u’itli tli«v except ion of those in 
.botanv, zoolo;:y. anil plulosoj)’iy) winch an Oberlohrcr took at the 
I'nivtTsity of Bonn in preparation for liis jirosent position.* ]|o 
spent the fonrtli seniestin* of miiversMy study Rt Berlin, where bo 
heard lectures on the theoiy of numbers by Frol>enius and on aFo- 
braic i‘quations by d: Scluir. * 

(u) Derivation of the most important properties of conic, sections 
.by means of elemi'iitarv jjeomotry (2 hours a week) !>y Selnvarz; 
analytic fjeometry (I hours), Sehottky; differential calculus (4 
hours), Knopp; ititej^ral calctdus (4 lunirs), Knoblauch; theory of 
determinants^^ hours), Fmbenins; tbi*oi*)- of infinite series, in|[iinto 
products, and continued fractions (4 hours), Knopp; introduction 
to the theory of ordinary differential equations (2 hours), Iletiner; 
spate curves and.mirved surfaces (4 houi's), Schwarz: anaivtic lue- 
chanies (4 hours), Lehniaim-Fillu^s; applications of (dli])tie functions 
(4 hours), Knol>lauch; calculus of variations (4^hours), Schwarz: 
theory of theta functiorts (4 hours), Sehottky: exercises in >liirer- 
ential calculus (2 houis fortnij^htlV), Knojvp; exereises'in differential 
and inti'^ral calculus (I hour), Knoblauch; exercise's in nrec^auics 
(1 hour), Ia*hmann-h ilhes; niathe.inatii'al colloquium fi\r irdvaneeii 
students (2 bout's fortni^ditly ), Schwarz: matliematieal sentinerv 
(2 hours), Schwarz. Frohenius, Sehottky (each profivsst>r directed 
the seminary once in thret^ weeks). 

(b) 1, (loot)): Differentia! cnlculu;^ with exercises, Kowa- 

lewski; di^scriptive geometry with exercise's hi drawing, I^mdon; 
experimental physics (electricity andj^tic.s), Kayser. 2. Srwfstrr 
(lOOG-7): Laboratory plu’sics for Kaysc’r; experimental 

pliAsics (mechanics, heat, acoustics), Kayser; integral calculus with 
exercises, Kowalewski: elements of analytic geometry with exercises, 
D)n'don; introduction to algebra, Sehrnidt: theory of detiTininants, 
^lunidt. -d, Srmestfr (1007): Laboratory physie.s for bogiiuiers, 
f Kayser; expi'riinental physics (rc‘j)cated),^ Kayse.r; ph^’^ical units 
fthd,;,constants, Kaufnuuin. Sewester (190SL* Selected chapters 
in analytic geometry, London; foundations and history of higlicr 
analpis, Kowalew--ki; readings and reviews of selected* writings of 
Ltubnitz and Newton, Kowalewski; ntathomatical seminary. 0. 
Sem^ftter Fourier series and applications, Kowalewski; 

foundations of the theory of aggregates, Kowalew^ski; theor}' of 
^ electricity with exercises, Pfluger; mathematical seminary. 7. 

Senuster (1909): Differential gcoraotry,,^tudy; difforeiitilal equations, 
^Kowalewski; theory oHight, with exercises, Pfluger; jeloments^of the 
theory of elections, Buchorer; mathematical seminary^ SrSemesUr 
(1909-10): S>mtlietic geometry with exorcises, London; introduction 

* W L^rej, Dat Studium, etc., pp. 343-43. 
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to theory of fiinrfions, Kowalowski; mochaiiics, PflAgor; phpics 

.coUoqifiuih, Ka>’ser; appliod thoory of pli>>i(!Si. Evorslioim; inalho- 
matical sominan*. .9. Srmrstrr (1910): Analytic j;conu>trv, Bccond 
part (repetition), Ix>ndcm; foimdations of pOoinetry, llcBscnborg; 
nintlicnfiitica^j^eminary." «' * . * 

III the tenth seineater tliis candidate passed the Oherlehrer- 
priifuii*; ami was certified as havinjx seieplifie k'nowh^^e requisite 
•for- 1 (‘aching. mat heinat ies,/ph\>;ies, botany, ajid /(>olo^y in the first 
j;nide. The eoinbinatit>n^iVf botany and zool(»jry witli mathematics 
anil plipics iippoars t^H'Vorv common n( Itoim ns wvil ni< at other • 
imiversities. * * . 

. . I 2. BAVARIA. * 

. Tlu' method of training tem liers for* higlier schools in Rnvnria 
differs considornhK- from that in IVussia.. Jh wlint follows there is " ' 
given a de.scriplion of (1) 'the training ha.ved upon regulntioifs in 
force from 1S515 to 1912; (11) the training requirwh by decree of 
S(*ptember 4, 1912. ^ • 

' I. The traininjT consists of (a) an e.xamiiiatitai (Ixdiramtsprufung) 
and ib) a so-called St'ininarjalir. The 1^‘hramtsprufiin^' is ‘divided 
into i\\Y> sections, the tli-st at tlie end of four seipesters of stmlv in a 
iiniveisity or tocluiieal school, and the second after Vigbt semesters 
at a university or technical scln>ol. . * • ^ 

In the first section of the examination the candidate is liable forex- 
ainination in tl>e following snbjects: ( 1 ) Algehraie analysis amj algebra, 
iiirhiding equations of the tliird^ul fourth degree; (2) plane and 
.soliil geometry; (3) plane luu.l sphericur trigonometry; (l)\dements 
of difTorentini and integral calculus; (5) analytie ainl synthetic/ ' 

, geometry of conics; (O) elements of d(*stTiptivc gcoihctrv. About *' 
four hours arc allowed for the examination in ea4*li of tlie.se subjeets. 

Tlien five houjs arc set aside {or (7) a (lerman essay on a tlieine the 
trealmeiit of .which displaVs the .general culture of the eamlitlate. 

For each candidate the oral examinalion. lasting an hour, eoverf the ^ 
subjects of. the written exami^mtitm aerd tlie founda;tions of physics. 

The following questions wore set in 1908: ‘ 

Algebraic analysis (2 hours).— Prove that the series * . ' , 

♦ / 
- cos , epfl 2ip cos 3<^ , 

r 2! — ^ *3! — ^ 

Converges for ^ values of 'calculate th6 sum of this serit's nad ''xpross the sum in 
real form. . ^ . . , * 

Algebra (1 j hours);— For what values of X does the'equntion x*-5x’+2x=X have tlie 
proFK*rty. tl\at the difference of t^o roots is equal to 3? Detornune tliaf^^rrosponding 
sv.'item of. solutions of the equationV^d express the linear relation hetween X and x. . / 

> The current queiUons are t^be found In liav. Z^itncfir. /. RtfthfhvlH rfm or Bmn f d, GymmisM-. 
tfhulvesen. Questions set for many years have been collected in Prufu upttavfgaben /. d. Lekrsmt drr Vi/A. 
ftwd /*A|w. a. d. KgLbaifT, hum. u. lechn, UnUrrkhUaiuUttUn US73-Id9S): Ansbacb, C. BrUgei u. Sobn, 18M. ^ 
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f'hnf pfomftT„ honn. ).-Any three 'poCto A', B'. C'. «rv taken on the in.le, BC. 
LA» Ab, rt*5j *<’tiv(*ly, of a. irianglo ABC. Prove tl.at- ■/ 

. cimiriiMrilted about the trianglee A'B'C. B'C'A C'A'B m»i 
. in a piant; ' • ' ^ ' 

(21 the .-.‘nteitt of illoee <iroiim»eril)O.I eih'lee are the verli.-ee of a tHunele «ih>ilu 

lothe lrianuleABC. ' , 

r.SM Stro; rtry., I |<hmin.'.~H,, on e-inilal.-ral triaocle the ra.lius of nloe!- .•,tn,a,.' 
r< rih«l .-.n l.. r. y, pv..„. a rtchl pvrami.l of hoi^hl h ii .-..nstrii. lol , 1 ,/ 

lAuMIe fv..nl of 11.0 the 1.^... |W>,,„<|(J,i.„br. :,re .lr..,o..| „„ • 

the a,-.^ of . 1,0 ,,, nimi.l ap.l il,io„^|, .-aol, pair of porp.M..h. »|;,o, pla./o, ar.- .|r.,«n 
hin.l the oomi„„n an'a ami volume of niiy .ui!> of il,o rosultiin,. pvr/im';i- ;,„r| |i,. 
on^nnal pynuuhi. • . ; . . ^ * 7/ ■ ^ 

/>mr fW?o„omrtrv hW-l|, a^rianolo ABC there ia Kiveii/AB^V.. .he ' 
lonoth of .he l...eH.xmo,,tCr=t.o-.n ,«r.oreC' is .he mi.l,|l/. of .heLe AB'. ' 

.l.ifere„.-e of.the an.tles.A an.l bU o -,.=.*=»• ^s'.s. Ki.uf o./or .wo siUe-'',iio.. 

. in pfiKTiil tvrrn.-* aihl then nmnenrullv i. . • ^ / 

C‘2 houmi -,U k pUre W'h.W huif„'|o i/o=1S* S' •..ol a, 

.i o vl.K-k m the uflem.w.) oti.th.- longest ,lav ;.ie. lm.,Uon of the A,i, 4 =.- io 

H .je,ire.l to lU.d .ho apprvxima'.e .-.u-.li.ial r>;.i....s of the ,-o..ip..,W from .'he irvo,.;‘„ „( 
Ih.usim. aii.l aorsinlingly »l is siippiee.l .hat the mu. is in the s.ai'H.w.v.i • lloa en.« 
.-rr.irj.f tfiH orionuiipn? ’ * . ‘ ' * ■ , • 

JS.\ wlytt hour of .i,e day wo.lhl thia nrionlation rrr..r. due ... inter^la^..^• of ' 
a/im.iih ami h ...r anol.e he a niaxjinmii .>n thai epay an.l a. that pht.-e * 

' IXfirr, h..urs.,- |( „-hv. am| v,.-..^v,y./,, .inj, ,1„. dPr.valtve 

, ,)'n ^ c)*u * • ** . 

<Vx*()y tVxt)vt)z . . * 

EM.) «‘\prt K- iliom (!«'riv;itivr(* of f amJ 

/../fyru/.u/..i/,«,Jh..urs.r^-l‘n.vehyp'art.ial.|ilT..r.o,iia.i..nthat j k 

, Jr'‘v .-''r/rr-i ")/■*-■ 

AfUihftir tjfotttffrtf n/ ln*iirt»V 

tAifpMil at a \aiiaMt* ^ 

= X. Slit.w 

tl.y I, •..Tirol g is a p^ml...la .anpen.,(o .he piven paraht.Ia at* .he poiiu A 
wIhti* fj IS Uinp‘iit (.(irve; ^ 

(2) .l..•.|. . i .,1 (1 .s.rr. spo„di..|; ... dilTentnt p,.si.io,.i. nl a are .iknyruen. 

,r,.- o/m„if., ,IJ h.y.rrV-In a pla..e Iw.,. linos g„ an.l tw.yp.in.; 

r an.l g are civon. I)..tennin> that lino throiKli.I* siu h that the p*art . .it ..ff^iv t 

i.ui(i i:^, K» fv*<*n finder a rij*hi nn,|rlo. ✓ ' 

• o/,W^ houtil.-A plane i, pven hv iu inm;, ‘ 

a la, .,is.,n A hy ,.a-pm,epu,.n. A,. A,. A .inli. Jhn.nyh A whi.h ...mi.es th.. .im 

- Ttn^"' “ *' ••rtb.v.nally on iho plat.e 

^fa) tile j^^Ttion plan; * ' A 

(h) the true ft irm of thill p'mjertioif; . * a . ^ * • 

(c) the ryliriiierVmpIt.yed in the prnieetion; knd ' ' ' 

^ ^ ‘r 'he pUne fa.. and . 

Tho conditions to bp sAtisfind boforo admission of a candidate t o 

^ «ro: (a) Tic shall 1.,tve 

sHidiod at a uiuvors.ty or tcdmioal scliool for at least four yeant of 


A (i*XfM) tan;;<'nt a f>f a jKtr.dNihi ihe 


llnin 

nahle j..iui Rb, T. ^'n.e'lino s..(jmenl PT is divided at g^s,.' iI.'m 
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whi'cli sovoh soinps((«i-s ImvohVuii dovotod to the study of-iuathfinat- 
ics and "physioa; (6j he sliall have tatiou courses in Inbomiort'' 
physios and tlioory or'lustory of |x*dagogy-, and two c<}ursoS' in the 
s.'r.ind s,«fti..n of tiio pliilosopliiail faculty, ospeciaUy on(» in inor* 
fraiiM- dicniisiry ; (c) he sliall have uonipletcd a scientific tlniis in 
till' rich l-nf pnro or apjdfod .niathomatics or physics. 

The titles of sojno tli.vses in reccjii tears are as fidlows: ' 

Oi, ilie ra.Iii ,.t ciiKalurv ' ,.f (Ife O,, i|,.-ir .avelope «nj pedal curve will, rt'siaVt 

;•! til.- ft’invr . . . ' . ■ •' 

I in. l„|1(.,.ni,e plants wliicl, cut off fn.m a inrCelan^lar Uilnsind anele a iHra- 

r ■ . xliit.il ilms. copt.ijnar .v.n, rays.iLr the .viiiral pn.je. ii..,, ..( ihre,. raV» 

• .vnrf;rri*iu in . ■ . • . • . ' ' • • ’ 

H.iv .iau .,.1 ..f K-«.iil,ain> l[,r.vf..l.l peri.aliC |iH,. ti..hs will, 'the ai.ln.f Ueier- . 
' p" an^ . /nriuliolw. ' ( < 

<.ln-.iu-< Ih.inl/ of eitrv,.* lanK,>in u.-i giv,* J,|„. h, a lixtsl iv.int. * 

't»ii piirt* NS’*<’urv<'fl Uiul W'.^irfaro**. » ' 

>1.- ps.in.-lric f..undatM,s ..f fancth.n ll,...ry „,^,n l.yperbolic im.A«ure- 

llll'lll a . . A ^ ^ ^ r 

‘ *n I .I'MK.j-rr'.s (Miitai-I tntu!tfijrti)atjiini«* . ‘ ‘ ^ 

1-4 i.p- ..| M.l...iiiuli..U- wt.i. I, may I..- analylicallii exliibii.sl lu. fuiu ll...o. of ilie 
J nil . 1 . *** • • ^ V- ' 

K.- . i.>|.leym..ni..f,.IIi,,il.e(,jncij..i,af,.ril,e Ihcry ..i the p.im kvrlojns .,fa g,-n. 

^J.il . nrw- of iIj. tiiini ^ . 

. I r, ~..„i ,l„. „.,.|t,.aK. ...f a,.I,ni,.i, .,t the .-.iNaiiMn j.f th,» fifth .f.-gT.-o in ilieir 

^1' u. al tit . * . . . 

the oral •exuniini4ion consists , of (jrn'.stion's on the tliesis, and oii 
:m.ilv-.v e.u.nietry, iniaki.ic.inochiinics, an, I physics. In parli.iilar ‘ 
Ml. Ii siil.p.a.is ns foundations of e,a„notrv. tIuMirv of ftnicti.‘.ns dif-‘ 
fcMiiml o,|nnti,.ns. dilferciitiiil g.ioin^rtry. of plhne am] .space nniy htT 
•liM,iissed. In coniliieting the exiunination tl^'spe'cial lino of shi.lv 
of ilie.caiididato i.s taki'n'into nci'ount.’ hTirVlieriiiore, emphasis is 
«.-I on inntnrily in connection wit, I, subjects of t he first eyi.mi.ml ion. 

It: mauljcnitilics. -cspermlly careful consideration is ItjjstoW.'d on 
ih-'M;. topics whose ma.s|,wy tends fo a truer nmlerstanding of snh- 
je. IS taught 111 secondary schools. ' In physics the can.lidiito'’s fii'cilitv 
ni e.xperiincni.„tioii is tcstiMl. Tlicry and history i.f pedagogy are 
also snlijects for exaininnfioii. .'The whole o.\.amination lasts two 

liouix. - 4 

. Il..ih parts of the I>>liranit^prafuiig arThold in. Munich hoforo an 

axa.inination (smuiiissioii of the niyal State mijiiijtry. 

'I'lie exainiuatioii ,n.gulatioii8 contain yet'anothoY reoHireinent 
•The candid:ato has U.-givo a trial lesson, (Irolirproho) oh an as.siKi,e.l 
thenie in one of tiio middle schools of* Munich before tho fls.s'ombJed 
examiimtioii board. .This test of teaching ability, for wAich a spdcial - 
V predic ate IS n.s.sig nod, is rery^cculiar in that the candidate js^tcstwl - 
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in somethiog concerning which he has never been taught. At best 

it can Only tend to indicate his natural abiUty. Or^lhe other hand s 
naturally good instructor may be confused by the lai^e audience wyl. 
the fact that hois not acquainted with any of his pupils, Nevorthe- 
• less, every candidate who satisfactorily pn^es the I^hranitsprufung 
and the Lohrprobo tost is dcclarotl competent to teach all subjects in 
secondary school mathematics. 

FoUowing the example sot by Prussia^ certain Seniinarion for the 
trailing of teachers in anoipnt classics’ 'were established in 1S93. 
It w>s not, llo^vc^^r, till tho spring of 1904 that two mntliematicai 
^miharien came into being at the Thercsiengynmasium and at the' 
Koalgymnasium in Munich. By. 1906 two otlieis had bepn estab- 
Iwhed: One at the Realgynmasium in Augslwrg a<id the other at 
the Re^jTnnasium in Wurzburg, but up to .June, 1912, tliesc four,' 
iiLstitutions were .tlie , only establishments t>f their kind in Bavaria. 
Since none of these Seniinarion could train more than 6 or 8 can- 
didates annualj]^^!S!idI:? 40: to 50 wore coming from thb Un'iversilies 

gaming in aSominarwasnot requiredfortho candidate in mathematira’ 

With the now regulations of 1912 tho Sominarjahr became cornpiLlsorv.’’ 
In tho mathematical Seminar there are two special teachers fSeini- 
narlehrcr, one mainly in mathematics, the other in physics) in 
addition to two momhers of the regular staff who (fro Semi narlei ter 
or teachers who conduct the training. Of the four teacJiors oidy two’ 
arc specialists in, mathematics and physics. ” 

Candidates enter tho §eminar at the end of xNovember; in the first 
weeks they observe tho instrpetion of their Seminarichrer and of 
tho other teachers in .Uio ipstitution and after tliat give trial |(vs.sons 
(Probeloktionen)- at first for half an hour and later for the full hour 
On these occa.sions the other candidates and the Seminarlolirer are 
always^ present. At tho special Seminar meetings,, which usually 
take place twdee rf week, the candidates must report concerning all 
classes which they have attended either as instructor or observer 
At the^ mootings tho “ Praktikanten ” hear discussions of'a peda- 
gogic-didaCtic nature and give lectures on general pod agogic q uostions ' 
OT on methods of treating certain parts of mathematics and physics 
^0 trial lessons of the Praktikanten are here criticised and every . 
lecture is followed by general discussion. At tho meetings the 
Seminarleiter and Seminarlehrer also give lectures on general ques- 
tions, on duties as a teacher and to society, and on special topics of 
didactic imd method. Tho number of lectures which each candi- . 
date gives vanes from.. Jtwo to six. Themes employed for such 
^ictarps are as follows: Horbart’s views on m'atb'ematicar instruction; 
Klems endeavors for reform; quadrature nf tho circle in instruc- 
t|on; mathematoal instruction in France; hygiene in the schoolroom; 
tho handhng of lying m the school; the best texts in different sub- 
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jocts: how is rest in connection with instruction best taken? the 
slidil rule^uicide of pupils review of new books; methods of con- 
struction accdl'ding to Adler, Petorserf, apd Alexandroff ; and similar 
thenies* * in'physics. ' . 

^Iinuto9 of all Seminar meetings must be kept by the candidates 
in turn. In this way each one has to prepare eight -to ten sets of 
nunutes.* Before ^fay 1 each one must also hand in a larger peda- 
gogic thesis of which the theme was assigned the preceding January ' 
in consultation with the Seminarleitcr and Seminarlehrer. The 
tlicses are discussed in Seminar meetings and written judgments are 
passed upon them. A selection of subjects (in so far ns they are 
not ill pure physics) assigned. at the four S<^unarien is* as follows: 

Of wJiat sig:nificancc for instruction in mathematics and physics. arc the six **in- 
of Hcrbart? Appreciation of the attack of Ellen 'Key, Forel, and other. 
niod(!rns leveled, against the traditional njpthods of instruction. Comparison of the 
ligjit and dark sides of the system of spcc/alist teachers and of class teachem. Seif- ' 
criticism as on.o of the most necessary conditions of progress in succt^ful instruction. 
Relation* between pupil and teacher both within and without the school, . The ques- 
tion of overworking and the humanistic Gymnasium of the day. What place should 
arf otx'upy in a scheme of instruction? Comparative consideration of programs in 
nuilhematics and physics at various German institutions. Mental arithmetic. Teach-- 
inp of fractions by question and answer, (iraphic methods in th<j instruction of 
arithmetic and algebra as well as of trigonometry. How is the idea of function to 
he developed according to the program of the Bavarian Oberrealschulo? In the 
interests of concentration in mathematical instruction in the upper classes, how 
can the study of physics or. natural science be promoted?' (To bo discussed On the 
basis of the program of Bavari^ secondary schools.) llow eftn the. interest of a pupil 
he arousoil to recognize mathematical manifestations in daily *lif<‘? The German 
Museum^ and the humanistic Gymnasium. Introduction to the similarity of flguree. 
Theory of equality of areas and transformation of areas. Weights and measures in 
arithmetic instruction. . 

At the close of the Seminar course the authorities notify the 
ministry of approved candidates who in duo course receive Befahi- 
gungszeugnisso as teachers. There is no.Probejahr as in Prussia; 
and it is also to bo*observod that the Sominarien of Bavaria, organized 
for the most part to train'^rh a special subject, are, in this respecti 
different from those in Prussia. » 

At the iJniverfrity of Munich in tho summer somostor of 1909 the 
following eoursos were' offered: Psychology, withlspocial reference to 
^ pedagogic questions inyolvod (4 hours a week) j psychology (4 Jiours^; 
psychological exorcises (2J hours) ; art and race psychology (2 hours) j ' 
anthropological psychology hours); introduction to ethical probr 
Iems.(2 hpure); introduction to problems* of sociology (3 hours); his- 

1 This is ft serloiu niftttar If Oftmun j. Tbftt It Is largely due to overwork seems to be establM^ by tho 
appalling condition of recruits for thejnny and navg from secondary schooli of I'russle. Nora than 
one-U^ of the students are found pbysicalty unfit (fee Rep. U. 8. Commis. of Rdue., 1009-10, vol. 1, Waah- 
Ington, 1910, pp. 489-3). 

* PrenMubiy the deutsches Museum von Meistorwerken dcr Naturwissensebaft und Tecbnlk, In Munlob, 

of which the corner stone was laid In 1901 
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-190fl-I0; G^eral psydiology (5 hours); psychology soininary (U 
hours) ;. psychological o.xorcisos ( 1 i hou«) ; psychology^ of .Vristotlo (1 
hour), fundamoutal problems of othics (4 hours). 

In Bavaria, university “vacation courses” for tliose who aro 
^ teaching m secondary schools are often laigdy atteiid.ul. . Sucli 

'Vurzhurg, Aprih 21-27, 
1908-Dr. Uos , 0 lectures on the productiveness of the emploviiuiiit 
of §;raphical Rid in carrying out geonietrictd constj-uctioTis, ami Prof 
I'rym, 6 lectures <m the derivation of fumlniiioiital fiiiictioiis in 

rZ'!-P 7' p T" ‘""'T Erlangen, April 

o i' “ Joftures on corresponding conics, Prof 

mb T”! 1 anil Dr! 

matics ■ '•clations between liigher ami elenioiitary matlie- 

Courses in the. history -of matliom<)rtics are not liftefi given in 
Germany, but at the University of Munich Dingier is a prival- 

history «'.f mathematical 

science. Ills appointment m 1912 was the first of the kind. 

II. Keo^lations of 1912. The camlidate is still required to pass 
l,7r "amoly, the two sections of tho'Lehrnmtsprufum' 

but the first section does not come tUI.aftsjr at least four yeais of 

11 V' «■; school and the secoml seotioi. 

after be completion of a Sominar}ahr. Tlioro is also a voluntarv 
Hpocuil oxamination. ^ 

Tile candidate’s choice of subjects is more.circumscribed in Bavaria 
tlian in Prussia. lie is required to make selection from one of tlie' 
following groups: , 

1. Classical languages, German language, and liistory 

2. German language, liistory, Frencli or Engirsl, hiiigungo. 

• o. Modem languages.' , “ 

4. Matliematics and physics. ^ * 

5. Chemistry, biolo^, and geography. 

6. Commercial science and geography. 

7. . Drawing. 

Mathematics and physics' must be chosen together, ami no other 
su^ect may be elected with them. ^ 

‘•‘vwion of the Lehramtsprufung in 
niathmotics and physics the following aro required: ^ ^ 

S 5« Realgyninasi'um. or Oberrealscliule 

phyLi succ«»«tul comploUod of cour^ of exercises iq mathematics and 




OERMANT. - 


105 

(J) Proof of attending two courses of pbilotjo^lc, historic, or geographic content. 
(r)^ho presentation of two “Zulassungsarbeiten,” which must bo authenticated by 
directors of exercise drill or laboratory practice; one “Arbeit” of moderate scope, on 
pome topic in mathematics or theoretical physics, should have l»een prepared in seminary 
or similar exercises, the other Arbeit should be in thcyiature of a report of work done in 
laboratory physics. The Zulassungsarbeiten must eiich display familiarity with the 
.‘rieniific^ subject and its literature,' a methodical development, and wcll-ordefed 
presell mtlon. • 

In* those conditions it is notable that practical exorcises in both 
mathematics a'nd physics are required and that certificates of the 
successful pursuit of those exorcises are to ,bo presented, 

Tltp first division of the examination is Jjoth written and oral. 
The witton examinations all take place within a few days (again 
in contrast to Prussian arrangements, wherp they extend over months), 
ami are arranged in three groups: ^ • 

GROUP 1: . . ’ 

(а) Elementary plane and Bolid geometry (2 houra). 

(б) Plane and spherical irigonometry with simple applications tp piathematical 
HCiigraphy (2 hours). 

(c) Descriptive geometr>»,. including the oiements of alhonometry and perspective 

with applications, e. g,, to construction . of shadows (dravring very carefully done) 
(2-3 houTB).^. ' . 

(d) Algebra (2 hours). 

(iROUP 2: 

(h) Analytic and synthetic plane and solid geometry (2-3 hours). • 

(h) Differential and integral calculus with applicaHons (2-3 hours), 

(c) Elements of the theory of ordinary and partial differential equations and the 
elt‘nfcntfl of differential geometry (2-3.hour8>, 

(c/)- Theory of scries and elements of the theory of funcfiCns (2-3 houre), 

GROUP 3: ^ \ 

(o) Experimental ph>rgic8, Division I (mechanics, acmustics, theory of |teat) (2 
hours). 

(6) Experimental physics. Division II (electricity, magnetism, optica) (2 hours), 

(r) Analytic mechanics of rigid and deformable bodies (2-3 hours), 

(d) Elements of theoretical physics (2-3 hours). 

In addition to those written examinations, the candidate is given 
four hours to write U German essay to test his general culture. The 
subjc(?t of the essay must be selected from one nf three fields stated 
to him. . 

^ The elaborate liome essay, which is the central feature of the 
written examination in other States and which is regarded as of special 
value in determining cultural development, entirely lacking in • 
Bavaria. , . . 

In the oral examination, whSih is not public^. there is more search- 
ing questioning in certain fields of the written examination; these, 
fields include the foundations of the theory of space (Group 1), the . 
theory of numbers (Group 2), and chemistiy (Group 3). Tlie can- 
didate is also given opportunity to prove his famiKarity with some 
special field of mathematics or pliysics which be has hiiri.sclf clioson. 
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Tile oral examination in each of the groups 1 and 2 lasts for 40 minutes- 
m group 3, 50 minutes. ’ 

_ Between the first and-^cond divisions of the. Ldhramtsnr if.,-. - 
toe candidate receives his practical or professional triinin-r i„ .i 
^minar to which be is assigneil by toe ministiy. Tlie haining 
here has been described already. . ■ 

In t^ second division of the examination :the.candi<late — 

(а) Presents his home thesis. 

(б) Gives lessons of one hour each in' some topics of mathematics 

ph^ira (m connection with which opportunity is given to indi- 

Mte Jiis facility in sketching on the blackboard and in oxperimenta- 
uon), Md conducts an exercise in physics for pupils, 'fhe topics 
are assigned one day in advance. 

(c) Is examined orally on the theory of education and instruction 
specially of secondary school pedagogy and its history, as well as on 
. rdat^ fundamental questions in philosophy an.l psvcliology. In 
addition to the general knowledge, the candidate miist show a more 
toorough acquaintance with the pedagogic theories an<f cultural 
development in some modern ejioch selectod by h/ins,dl. ronneciwl 
wiihrtis are questions on the newer developinbnt of methods of 
mstract^n in topics of mathematics and physics, wherebv the 
cimdidate is given an opportunity to demonstrate his acquaintance 
with separate phases of development in mathematics and physics 
' A candidate who fads in the soednd section of the examination 
must repeat the Semmayjahr before ho is permitted to try the e.x- 
ammation ag^. A second repetition of the examination is not 
permissible. The examination is conducted almost entirely by 
the Seminar director and Seminarlehrcr. 

'^e optional ‘‘special examination” was a feature of regulations 
m force froinJ873 to 1895. In sdmeivhat moililiod form it reap-' 
peered in 1912. This examination must be taken within 10 yeara 
Mter the second division of the Lchramtsprufung; it may, however, 
be t^en, at the same time or even before, but in this latter case a 
cer^cate of having passed the examination wiU not be awanled 
until the Lehramtsprflfung has been completed. 

For admission to. the special examination, there is required either 
toe presentation of a scientific thesis ■ in the field of pure or applied 
matoemarics or of physics, 6r the presentation of a practical work, 
wto proof of thorough scientific study in one of the following fields 

Gepd^y astronomy, tqchnlbal mechanics, technical physics, electro- 
tecnnical science. ' ' . 

The first part of the oral examination is on the field from which the 
subject of the scientific thesis'is taken and lasts about an hour- the 
second part covers the whole range of the special subject chose n and 

or doctor's dissertation or other printed paj^r. 
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lasts at least an hdu^and a half. No second trial of this examina- 
tioJi is permissible. 

Note thaj-a scientific thesis and a piece of practical work are put on 
a plnne of equality in this examination, of which there is no analogue , 
elsewhere in Germany, although it is somewhat similar to the exami- 
nation for doctorate. In the earlier emulations it was ordered that 
those who passed the special examination, even though it involved 
nothing of a pedagogic character, were to get the better positions. "kj 
tin* secondary schools, ^is is not necessarily the case in the newer 
regulations, and Just what the effect of the examination will be, 
remains to bo soon. . 

In illustration of <ho excellence of the pedagogically arranged 
lists of courses offered at>the University of. Munich, "that for the 
summer aomester 1914 is given: Introduction to higher mathematics 
for students of philosophy (3 hours, including one fob , exercises), 
Dingier; differential calculus (5 hours, including one for exercises), 
Bolm; exercises iii plane analytic geometry (2 hours). Dingier; 
descriptive gpometry II (5 hours)., Hartogs; exercises in descriptive 
gi>oraetry (3 hours), Hartogs; analytic geometry of space (4 hours), 

Vo^; integral calculus (5 hours), Lijidemami; definite integrals and 
Fourier series (4 Incurs), Pringsheim; synthetic geometry II (4 hours), 
Rosenthal; exercises in simthctic geometry (1 horn), Rosenthal; in 
seminary, exercises for middle semesters (higher analysis with appli- ^ 
cations) (2 hour§), Rosenthal; theory of algebraic forms (invariants) . y 
(4 hours), Lindcmanii; introduction to the theory of partial differ- / 
ential equations (4 hours), Voss; seminary, theory of ordinary / 
differential equations (2 hours),. Voss; applications of elliptic fimo- / 
tions (3 hours), Pringsheim; on the problem of squaring the circle / 

(2 hours), Lindemann; seminary (2 hours), Lindcmann; geometric 
morphology (3 hours), Brunn; elementary theoiy of life insurance 
for natural scientists, political economists, and mathematicians 
(4 hours, includmg ope for exercises), Bohm; lectures and reviey^* 
of mathcmaticefl-statistical questions, for advanced students j(2 
hours), Bohm. Mechanics of the continua (hydrodynamics, acous- 
tics, ehwticity) (4 hours), Sommerfeld; seminary exercises on hydro- 
d}Tiamics, etc. (2 hours), Somn^orfeld; physics of the science of 
earthquakes (^ hours), Bidlingmaier; mechanics of, the heavens II 
(4 hours), Seeliger. • * V ^ 

1. SAXpNT. 

The regulations formulated in 1968-9 for^he preparation of teach- 
ers of mathematics for the secondary schoob of Saxony differ verj ^ 
little from those promulgated m Prussia in 1898. ' The examination 
cbnsiits two parts, the general and the. special subject. The home 
theses are to’ be finished before the oral , examination; The general 
examination is on philoso^y, pedagogy, and German ^terature, but 
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not on roli^on. Thf special subject examipation, more limited than 
I russia, IS cotifiiu-d to— (l) pure mathematics: (2) applied icatho. 
VdT'''"' <5) mineralogy and^geblogy.« 

thJf L K- ^ it is dSirable 

tokiM ,n fivf tSTj' f"” 

king all five. The following combinations are permissible- 

(а) I ure mathematics, applied mathematics, physics. 

(б) Pure mathematics, physh-s. chemistry > 

(c) Chembtry, mineralogy with gwlogv, j^hvsics. 

For 'nathemntics. 

For home theses thtf candidate is fHven two prol.ieins; one for the 

fhatl'! l"".: H'" special subject e.Vbmination b 

that subject s which he wishes to prove himself capable of first grade 

the ,Jrohf''%''“ rfbeives, in additfon to 
the problem for (he geimral examination, two problems for the special 

subject examination to work at home, of which one must be in math- 
ematics, m this case Jhe candidate has ho writien examination but 
otherwso ^iTitten. examinations in^ subjects of thd special siibjec 

rTmurs, may be require.d. For th 


^mination, to thc^xteut of four' nuuia, may ne required. For th 
preparation of each home thesis eight weeks are allowed. ‘ The whol 
period of examination m Saxony as well ns in Prussia thus extend, 
over Severn months instead., of a few days as in Bavaria. 

The itegulations with regard tq pure mathematics and physics ir 
e special subject exammation are practically identical with those 
n»«thomntics,the requirements arc soine- 
' is ns folW ^ P«ragrnph 

cially of graphical statics,, with lower ceoffesv and fho oTom/mta f i ^ 

with the theory of adjaatmont oterm^^^'oEvJt of C f 
indicate in which one of L three parta he.lor^trbe efnaTed!''”^ “ 

f oxnminntipn usunTly occu- 

p es not lo4 than four years and this may be made either arthe 

FhrthT*^ 1 Technischo Ilochschulo in DreLlen 

For the student whoso special subjects are pure nlid applied niathe- 

, rwilaaoos U (ore. May 1. M08, lor th. L *“ 

•ubjoct, wbllooUne Iiufead of hv. subjects ore nu^iinn/i .. ^ “•"Uonoil as a general esamlnatlon 
KWory. boUny, ««lo«y, mi geo^phy O^^vllfheT «“>" «• 

"•tlctan, <y. In^to. p Of chamlwr, by tb. math,. 



ential and integral calculus), Herglotz^ theory of numbers (2 hours), 
Koebe; algebraic curves (4 hours), Rohii; differential equations, 
with exercises (4 hours), Koebe; general theory of functions of a 
complex variable (4 hours), Hdlder; calculus of vari^itions (2 hours). 
Holder; theory of collective measurement (4 hours), Bruns. Mathe- 
ipatiCal ^emmary: (1) iJxercises in tLeory of functions (1 hour), 
Holder and ; ^ — ; (2) exercises in descriptive geometry (2 hours), 
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Bohn and ^ ; ( 3 ) exercises b algebraic-curves (1 hour), Rohn- 

(4) introduction to the literature of modem theory of functions 
<conformal representation and uniformization), lectures bv the 
members (fortnightly), llorgTotz and Koeb^. Exercises in analytical 
Brans^*^^ * Horglotz; practical work b 'the observatory. 

Further, all candidates have opportunifty to. hear, at regular inior- 
vab, lectures on history of phUosophy, I^gic, psychology, systematic 
pedagogy, and histoiy of pedagogy.* 

la spite of 'the statement of P. Ziertm^in in Monroe’s Cyclopedia 
(p. 91), I ani in doubt, as to whether the Probejahr is obligatory ■ in 
Saxony, sinctf oven the Seminarjahr does not seem to be reouired 
but only • iccomnionded.’! (A. Wittmg, p. 62.) The sbgle vSaxony 
Seminar for the mfttliomatician is the practical-pedagogic Seminar 
wbch was organized in 1895 and stands in official connection will, 
he Univorsjty of bdpzig.’ It'is in charge of the .-ootor of the Thomas 
Gymnasium and Dr. Ernst Lohmaib directs the work of math'enial ics 
and natural sciences. Tho weekly sessions of. two houre 6 ach b a 
Gymnasium. onibrace- visiting the chusses o^ e.xperienced teachers 
practice teacliing by students, and criticism of the work done. Tlio 
mimbor of students is largo. 

J ** f A. Witting. inVoatie*-^I.m with the required traininR of the tearlier Tr... 

the leader of the sii^jject Rruup and counterstpied py the director. These certiUcaiel must-be affl'ii ^ 

O^n to Ita. late Mis Anna T. Smith, sp«:iatl5t In tor.lpraddcaUon.1 .y,t.iia at th. n,.r«.. 

•* -wtclusiv. .taum«.t, ,h. 

"I regret to say that I am unable to refer you to any sources of Information which nfsritlvelw .-iiu 
Inquiry, although to my mind it may be infereatially deUnained. A Uttle%ot,^J h- o • 

WychgriKn, eutitleU Das hohfre vnd mUa^te VntetTkkUwe»en in DerUsckl^nd, and publish at iWn 
^d l^iptlg in 1913, piirpn<;es to give the rotiiilrernents existing at that time with referenr* tn th tin 

«tlon.ol,^h.r,„,,h.«co„dary«<.<>o,,ln 0 .rn»„y. In 

aii^oy lor tho outlro Empire, p. 25. it Is stated that after complotln* the 

dldato# receive the mrlinoate ot raparity for appointment aa prnfasaers and may be admitted Into the 
pablic, State, or city sohotil service unless special diOlculties interfere. This sUtemant in ^ 
ance with the requirements piibUshed for Prussia in 1898 I e Ordnun* ^ ! f 

an hdheren Schulen von 12. September. 1898. ' " ' ^ 

-By edecree(Verf^ng) dated ^ec. 29, 1892. a mutual airangementwAsinUred into between differed 

of the German F.mpire which jfrovlded for the mutual recognition of candidates lii the SUtee of th« 
Saxony does not appear In the number. (Compare pp^^ [ it 
toknown that, while the general features of ^e Saxon scheme of quaUOcatlon are thTs^Sf. t 

Prussia, there are some slight modiftcatlons/ This distlncUon is indioated bv raeulatio^l^rt i^^i 

the examihationoT candidates for the higher schoorservice issued Jan 28 1909^ w? 

«Uon simply state, that th. candidate for appointment. befoTe2ce^‘tirL^ 

have sustained the State examiimUon and have nassed suM^Mtfniiv of capacity, must 

or th. y«n in ih. Semln„. prem tl^l 

is well known that it is customary. « (See Bekanntmachunx Qber dleOMminwrt.Pii^ ^ 

Teohnbehen Hecluchule »u. Dresden, sec. », pp. is^s,)- iHcniun* eo dor KSolf lichen 

Mr "kiaC rowT *’^'**“ “ *" \ 
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■^0 present regulations for the training of teachers for secondary 
iichuols date from. 1898. Broadly speaking, they require that aoan- 
_ (iidato .sliall succ^fuUy pass (1) two semioe examinations (Dienat- 
linifiiiigen), that is, examinations preparatory to serving as teachers; 
and (2) a “Vorhoreitungsjahr” or Probejahr. . . 

•Tlie e.vaminatious are hold at Stuttgait, usually in. the spring,, 
hcf.irc a commission composed o£ university professors and schoolmen 
.•i|)|i<>iiilcd by the minister of church and school affairs. Tho-oom- 
luissioii is under the direction of a member of the department of the 
ministr;r for liighor schools. 

■Application for adniission to the first service examination must be 
mfonipnnied by.- (a) A -scientific thesb; (6) proo'f of attendance at 
Icf tiircs and seminary c.xorcisos in a German university or tbchnical 
high school during four years; (c) certificates of participation in the 
e.xei^isos of a high-school institute in physiqs or chemistry, and a 
(estimonial descriptive of the success attenfiing this pbr^ioipMioh. 

Of the required- attendance at university and technical high school 
III feast two of tlm somosters must be at. a uiyversity, and during' not 
less than six semesters the candidate must specialize, in the subjects 
of examination, in class ,and seminary. 

Two advanced lecture courses in philosophy and one 'in pedago^ 
arc also required of all candidate. 

The first service examination of the mathematics-natural science 
course is arranged ill two divisions: (o) Mathematics-physics; (i) 
rhcjnistiy-biology, between which the can^iidate has to make choice. 
The subjects in each division are grouped as m'ajbrs and minors. 

Kxcept/in oases to be noted presently the examinations are both 
written and oral in all subjects; the commission can nevertheless 
waive oral examination of a candidate in a special subject, when he 
lilts done exceptionally well in the written examination. 

The- majors in the mathematics-physics division are: 

1. Mathematics. 

(а) Higher algebra, including the thtory of elimination. 

(б) Differential and integral »]culua, including partial differential equations 

and elements of the theory of funCtion«. 

(c) Analytic geometry, including the elements of the theory of higher curves 
' as well as the theory of curvature. ' ~ 

' ■ (d) Trigonpmetiy, with mathematical geography. 

(e) Synthetic geometry, including surfaces of the second degree., 
i (/) Dercriptive geometry. _ | 

■ * *2. Mechanics, Specially me^anics of a rigid system. 

3.' Physics. , ’ : . 

' ( (o) Experimental physics. , ‘ . 

(6) Theoretical phyri^ in the four fields: Mechanics in physics, optics, theory 
of heat, electricity aud^i magnetism* (written examination only). * 

(e) Exercise in manipulation of apparatus for physics, ^ • 

V‘ 101179*— 18 8 ^ , 
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In thp writtwi examination the candidate is expected 'to solve on« 
or more of the “not too dilBtult oxercLses" of-the ^ubjeet in question, 
while in the oral examination the candidate's comprehenfiion of the 
theory is ascertained. ^ ^ 

In mathematics, the candidate has a choice'in the written exnmina- 
tion between (a) and (6); in theoretical physics exnet aequuintonre 
with only two of the. four fields mentioned is required. 

The exercise in manipulation of apparatus consists in earryinu ''«>t 
. certain .experiments; the commissi)>n. may waive this e.xen ise if an 
oflRcial certificate from {he authorities of the Institute of Physies or 
of the State University, oi; of the- Technical HigH^hool in Stuttgart 
, indicates suffi#'ntJy long drill and adequate dexterity in such e.xercise. 
The only minor of the first part is chemistry, in wdiich a knowl, <lg.- 
of the most important theories of general chemistry and arq^iaintnio r 
with the presentation and the properties of the most important eom- 
pounds is required. Furthermore, de^nonstrations suitable h'r school 
.imtruction •may be called for. * 

The majors of the chemistry-biology division are chemistry, min- 
eralogy with geology, botany, zoology. 

The minors of this part are: 

1. Algebra and lower 

2. Elements of ctilTerential and intcml calculus. 

3. Elementary geometry, including trigonometry and the elemente of motl<*rn 

geometry. 

4. Elemoota of plane analytic geometry. ^ 

5. Elcmonta of deAcripVive geometry. 

6. Experimental physics, in which the demonstration of acquaintance with the 

most important apparatus for instruction in physics may be required. 

Mathematical questions, which have been set in WurtU'iuberg cn- 
aniinations in both the mathcmatics-phy’sics . and the cheiiiistrv- 
biology. divisions are given in Appendix E.' 

For upper cla.sses the U>acher is all.wed to instnict only in the suh- 
jeeta of hisjirst service examination; in the two 'upper cln.sscs he 
must usually confine bim^f to the major subjects of 'tbis same 
examination. 

Concerning the second service examination the regulations, state: 
.-After the first service examination the candidate -i$ assigned to a 
Roalschijq for a year in-order to acquire a methodical introduction 
inta the theory aiid practice of teaching O^orbereitungsjahr). the 
‘Second service examination consists of (o) a German essay; {jb) an 
examination in free-hand drawing; (c) a supplementary examination 
(Erginzungsprflfung), in which the extent of the requirements is do- 
terming by the needs of instruction in middle real classes; and (d) 
the delivery of three trial lessons.' • . - 

The peculiar- supplementary examination of the mathematirs- 
natuiU science group incluiios (1) French and Rpglish, aiid is a 
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8urvi\’Vl /)f other days' Ib prai'tioe, however, the young teacher 
'(H}ui]>pod.t9 iu,stnict in ni a them a tics has to ^start out in a country 
sclu'ol and . possibly inst4*lict in just auch subjecte. 

Tin* Vorbe^eitungf^ja^* is' h^ver. properly practical becaust' of the 
^vviW sciMvity of tcachertf. Hence the profivjsional training of the 
(earlier in Wurt teniberg really amounts simply to a year of teaching. 

A( the University of Tubingen in the summer semester of 1000 the • 
follnw'ing lycttires were given; General psychology (4 hours a weelc); 
flimrh and school in the nineteenth century. In the winter semejster, 
-10: PsychologA’ (4 houis a week); philosophical ethics and 
jurisprudence (4 hiuirs); exercises in etlfical questions (1 hour). 

». bX^den. 

✓ 

Tlic examination ordinance of 1 903 for teachors in secondary schools 
in Baden is copied in its'i'sscntials from Jhe Prussian o'f 1808. 

Before admission to the examination the candidate must have pur- 
su('d special studies at a Genpan university for not less than eight 
sonieslers (instead of six). If lira them a tics or natural science is to ^ 
be th(> major of the examination, regular study at a German school of 
teehnolog\' may be counted equivalent to study at a,Gennan imiver- 
jfity up to four semesters (ordinance of l600),. During at least four 
semesters of the period of acade/nic study the candidate must In^vo 
sueci ssfully purticipaUnl in scientific or practical exercises in school of 
'terlmoh>gy or university somiiiaries, or laboratories, or institutes. 

'I'he examination, which occurgf^very spring in Karlsruhe before a 
spiM-ial junnmi^on, con.sists of two parts, the general and special 
subject examinations. Both are witten and oral; the wTitten usu^y 
precedes the oral. 

The subjects for examination are: 

A In the general examination for Wh candidate, (1) philoaophy, (2) German lit- 
eraiure. 

B. In the special subject examination, according to the choice of the candidates: 

In the mathemaiics-natuxal science held of instruction: (1) Mathematics, ‘ 

(2) physics, (3) chemistry and Aneralogy, (4) botany and zoology. 

^ Geography' may be chosen in combination with mathematics, 

^ zoology, and botany, or as another subject^ 

^ The candidate iwist choose a|. least three exanfination subjects — 
two as majors and a third as minor. 

Candidates in the muthematics-natural science divistbn niust always 
choose mathematics. Tbo'candiSate with mathematics as -a major 
must presen t a certificate indicating his participation in the exercises 
I of a university seminar or other school of higher education during 
! at least four sehaesterq; . ' * . 

1 Aj^lied msthesutics does not occur s qwdal n^nUmOww tubjcct. 
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In the Reneral exanrination all candidate must cl^«»iistnU<?^(a> • 
Their genorul knowledge of tj|e moat important facta in tlio hi-!ti>n- 
_ of pliilos.iphy, tlio priticiples of logic, and tho ciiief facte of empiric 
psychology; {b) their acquaintance witli tlie general development of 
, (tcrnian. literature from the heginning of ite“ blooming period ” in 
the etgliteentli century:, (c) their .thottmgh kntiwledge of a ju>t .too ' 
Ihnitcil ticld in {diilosophy and literatim'; 

For. the exnminution in mathematics tliere iS required 

(A) As minor; Knowledge of the elemente of- higher analv?is. 
plane luinlylic and synthetic geometry; spherical trigonometry, eli‘- 
huMits oraslnuiomy. * 

(111 For mathciniitics ns major in addition to the kuowleilge m- 
quired ill A; AcqiiMintniicj with the foundations of arithmetic ami 
geometry, of anulvsis. and algebra, including the theory bf functions, 
of analytic and synthetic giHunctry of space, aml^.f aiiiilytic mei-haii^ 
,ics. as well as with the elemente of descriptive geunieirv and with 
the ebief facts of the history .of mathematics., ^ 

For the Jiome theses every candiihito nveives two' pmblems. one ' 
for the general e.xnmination. the other Tor tife special subject examina- 
tional one of the subjects chosen by tho candidate ns major.,. The 
exnniiiuilioii coininis>ioii may, however, so choose ii themo that the 
laltyr home thi-sis invtdyes both 'majors. 

For t^ preparation of the two home theses a period of l>0 weeks 
is nllowe(\ • 

The e.xteiit of tho requiremente in this connection may be judged 
by some of the themes a.s.signed in the years lOltS and IQOO; 

Derive llie ncreswary and atiniiHent condilioiw tor llic vali.lity of tlie theorem cod- 

J 'Z' • 

’ f(z)dz takon over Uie 

pain of intr:„Tam»n..an«f apply the thoorem to aome «>xampli« (Cauchy) for hndine the 
value of tfeJuiiio 
Synimi'trie functioriB. 

The pr.H,fi, of th>^ iranacendoine ^ , Mhibited in their characteristic featarra 
femus tion 1«.|« wii the theory of fuiiriioiie and” hydrodynamics, (specially explana- 

tioiif* of Kirrtiljoff '8 theory of wati>r:*p(Mittt. . ' • 

A pr. senlaiiun of .the mo »1 iniiv.rlaril Iheorbrna in the lln-ory of cylindrical function*. 
Iho addiiit.n i4i^orem.*< of ollipiir intogfrals of the linit, et^rond, and third spociw * 
acrordinj: to Kuler'a development .sand tht'ir principal neometfic applicatioiia 
The derivation of 1,^-TanRe'. ditflrenlial e<juali.,t»<.f the aecond kind in mcchania 
after the pnis iilation of Holt/niann and.,tha rcacwrclica of V>on Holder oITTlio Haihil- 
^ tunian pr>«nple' ^ 

Development of the most important propertiee of spherical harmonica according to 
the l<tj>ture« of Helmhol/., duo refraril being paid Ul the works by ileioo F. Neu- 
inano,^ahid C. Neumann. \ 

On the numorical wtlution..of slgebiiic equAtifins.' 

On the tmiirthirmaiidn of Laplace ’a differential equation of tho potential by Jacobi 
wn6ng oUiers, together with appUcations to individual proble«w. 
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On thote pUne inirvas of the iouith order which the inu^nnry circuUr ppiMta \ 
infinity ns double points ^ . 

\hi cingulsf isymptotic curves and 8urfac<j^ (inaug\in^ dwsertslion). 
t'vrlidrti. 


A prize memoir m>wiie(l by the faculty of philosophy or natural 
^ ^ h*m*e ill a State hijjh school ,or university, or a dissert at ion accepted 
1»\ such a faculiy may be considered by tfie CAamination coiii'rtiission 
«s cijuivalent to the liouie thesis in the speciil^ubjcct examination. 

.Ill determining tlie result of tlie whole examination slight laek of * ^ 
knowledge ui one part ii\ay be compensated for by goini performance * 
III ngother. The candidate has pass^^l if lie has met the requiremoiits ^ 
«'f the general A\ainination,.is stttisfai*t4>ry in at hutsl one of his chosen 
majors, and has shown a knbwlctlge of two more subjects at least equi- 
valent to that TtM]uired for minors, If the exainiiiatHin is^>assed, one 
of the prCiiicatcs '\saiisfactorv,^’-\:good, or ''excellent is a^vsigned, 
mc<*rdiiig tt^ the character of the written and oral exathinutfona and 
liniiie tlwses. In this coiinecitoii tlie majors arc t4» he considered as 
first in importance,- the minors and genera! examination as st'condary. 

If liie camlidate lias failed in his exaniinatioii, he may trvjagain within 
two years, at the latest. If he fads a second time., permission for ' 
further trial may ho granted oiily by the ministry. 

Having passinl the^exaininatioii the cuiididati* infist next b<^‘ome a 
rnMkaut. in the truinuig of a “Probejahr. which is iium' in the 
nature of a Pru^ian Seminarjahr. . * / . 

The activities of the IVaktiJcant ii} the institution consist— (<l) la 
visiting classes which v^'iU aid in his development; {b) in trial teach- 
ing. first for part of a lessou, then for whole l^ons, and finally for 
continuous instruction; fc) in stvdy of notable works in general a^ 
speci aI*ped^ogy and didactics, which are to\be fuunxi in the library 
of the institution. isTliis study is directed by the tean’her in charge 
of the candidate. . . ' 

r rum this teacher at the beginning of the seconH-tlalf of the year 
tlie Praktikant receives a thoiuo bii which ho has to prepare a thesis ^ 
t»f riot more than 20 written quarto pages in extent. This theme 
relates to the activities of 'the Praktikant in the institution, but, its 
troatntont also serves to indicate his knowledge of the related peda- 
gogic literature i)f- ancient and. modern times. Tlie thesis, accom- 
panied by the critical juftlgriieht of it on the part of the director of 
the institution, is laid before the inspector. 

\ Furthermore, tlie Praktikant has to give a trial l^ori to. a class, 
which he has taught consecutively for at least two weeks, before 
the director of the 'institution and the guiding teacher.^ These each 
make independent reports of the trial lesson to the inspector. The 
repqrf of the director is also accompanied by a statement concerning 
the candidate's imlustry and his gciieral bearing both inside and. 
outside of the institution. 
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On the basis of the vanous reports the inspector decides on the 
candnlates. quabfications as a teacher. If he decides that the 
requirements of the “Probejahr” have not been met, the probation- 
ary period may l^extended for a year. 

At the University of Freiburg in the aummer-semester. of 1009 
the fo lo^ng coumes were offered: Psychology (4 hours a week)’ 
physiological psychology (1 hour); history t>f pedagogy (2 hours).’ 

" ^nter semester: physiological psychology (l hour) the 

jiig^er school systems of the present (2 Bours); school hygiem. (1 

In corresponding semesters at the University of Freiburg the fol- 
lowng coumes were offered: Ethics (5 hours a week for » semester)- 
pedagogical classics, Rousseau and Pes^ozzi (1 hour a week) • 
m Bavaria, university » vacation c*oumes ’’ are givhn from time 

“ i'lIJI!; Freiburg, Easter, 1906: Lowy lectured on 

.matlKvatics of life insurance, ahd LQroth on some fields of infinitesi- 
mal cdculus which are suitable for introduction into instructioij in 
secondary schools. At Easter, 1908, LOrpth gave tliree Icctferes. „f 
an hour each, on spherical trigonometry. ^ ■ 

t. ALSACE-LOBRAINB. 

Siwe 1899 the regulations for the scientific training of the'tencher 
for the sccondaiy school have been the same as those of Prussia. 

The examination is conducted at Strassburg by an imperial scien- 
tmc examination commission. 

^ The professional training of the teacher in Alsace-Lorraine lias not 
chanpd in forna since, 1871. The young expectant i.s sent as 
probationary candidate ” to Some higher school where ho is required 

”*■ ®'&ht hours weekly. Tlje peda<ro(dc 
and didactic ^rection, the fixing of class hours when the candFdato 
.. listens to the instruction of other /teachers, . tie giving of advice in 
the choice of works which serve to ad-vance Vcdagogic and didactic 
development, are either Undertaken by the ilirector, if he is a 
specialist in mathematics, dr (as happens more frequently m larger 
institutions) by a capable teacher who exercises a more or loss ,sati.s- 
fartpry giudance. At the end of the Semiiiarjahr the candidate must 
• present a thesis on a theme given him in the first li»if of the year. 

Aa usual in such cases the theme gives the candidate an opportu- 
nity to treat some practical pedago^c question on the basis of his 
own teachiftg experience and of his study of related literature; The ‘ 
reports to the inspector are of the sarnie nature as in Baden, and he 
decides as to the candidate’s “Anstellungsfahigkeit.” 

/ Wirz well remarks: In this organization for the training of^andir 
dates, It la evident that chance plays altbg;ether too prdininent a irdle. 


>..vv ,• 



fiKElLUrt.. 

When Reye end Weber were at the university of Stxessbuig thd^ 
courses of lectures were airbed according to a plan which considered 
the needs of those preparing to be teachers in secdndaiy schools, 
hi the list of courses for the sununer semester of 1914, however, there 
is litUe.evidence of any such plan, as there is only one course, on the 
theory of numbers, which can be possibly considered , as a course ' 
for beginners. The list is as follows: By Faber: Integral calculus II 
(4 hours) ; theory of numbers (2 ^urs); mathematical seniinaiy 
(the distribution of prime numbers) (2 hours). By Schur: Theoret- 
ical mechanics (4 hours)'; theory of oitlinary differential equations 
(2 ..hours); inathematical seminary (2 hours). By Simon: History 
of mathematics in the Middle Ages (2 hours). By Wellstem: EUiptic - 
and hyperelliptic functions (4 hours). By v. Mises: Technical 
mechanics II (hydraulics and aerodynaitiics) (4 hotlrs); integral 
equations and their appliiJations (4 hours) ; semmary exorcises in 
applied mathematics (technical mechanics) (2 hours). By Epstein: 
Calculus of variations (2 hours). By Speiser: Theory of aggregates 
(2 hours) ; the equation of the fifth degree with (i hour). 

Arrangements for the scientific development of the teacher of 
mathematics are wliolly lacking and there are no "vacation Courses” .• 
as at several universities in Prussia, Baden; and elsewhere. 

In the suimner semester of 1909 and the winter semester of 
1909-10 the following courses wore pven at the uriiVersity of 
Strassburg: Psychological exercises (2 hours a week through a se- 
niester); history 'of pliilosophy (2 hours); psychology (4 hours); 
introduction to experimental psychology (1 hour) ; ethics (2 hours) • 
history of Greek ethics (2 hours). * 

T. RBSSB. 

*\ 

Accordiilg^to an. ordinance of 1908 the scientific capabilities of a 
cancMate are tested by an examination commission at the Univer- 
sity of Giessen. The commission is coi^osed only of professors in • 
the faculties of philosophy and theology, th^ idea being that after 
canrfidates have studied at the university their teachers are best 
quahfied to examine them., In addition to the examination, a pro'- 
fessional training of two years is required. 

Candidates for admission to the exammation in mathematics and 
natural science — (o) must have a Reifezougnis from a Gynmasium, 
Realgymnasium, or an Oberrealschule; (6) must have attended a 
German miiversity for at least eight semesters, three semesters at 
a ^hnicM high school being counted as equivalent to those at a " 
university. • ' • 

The examination consists of a general examination and a a pfoi nl 
subj^.t examination. The general examination is on ^ph ilosophy, 
pedagogy, and Gcmian literature. . In philosophy a home^esis is 
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required, six weeks being assigned for completing it; otheiwise the 
examination is oral. It is expected that‘ the candidate have a 
geperal knowledge of the history of philosophy, acquaintance with 
the most important laws, of psychology and of the fajits of empiric 
psychology, and also familiarity with the history of pedagogy, the 
essentials, of method (Methodik), and with the general development 
• of German literature. 

The regulations with regard to the special subject examination are 
almost word for word the same as those in Prussia. 

The first of the two years of professional training must be obtained 
at one of the six pedagogic Seminarien connected with and conducted 
by the officids of some of the secondary schools. Candidates are 
here familiarized with the pedagogic theories required in their special 
scientific development for the purposes of instruction and education, 
and are glided in the practical application of knowledge thus won. 
This training takes place (1) at meetings which occur once or 
several times each week for introductory instruction in the theo-' 
retical pedagogy and mpthod of individual subjects; (2) in the class- 
roo^, where the candidate first observes the mstruction of a sp^ial 
subject .teacher and then after sufficient preparation and as^tmW 
gives some tpial lessons. At the end of the Seminarjahr ea^candi- 
date must present a thesis on a pedagogic subject.* 

The second year of professional training is .at one of the secondary 
schools, where the candidate gives consecutive instruction urfder the 
direction of one of the teachers or of the director. After successfully 
meeting the conditions of profession^ training the candidate^ who 
has up to that time borne the title of LehranUsreferandar, is named 
Lehramtaassesor. ■ ■ ^ 

At the University of Giessen in the summer semester of 1909 
^d the winter semester of 1909-10 the following courses Vere 
o13f^d: Exercises in experimental psychology; history of education 
and pedago^ since the ago of humanism (3 hours per week); the 
nature, origin, and development of speech (2 hou^s per week); 
Pestalozzi in philorophic semina^ (1 hour); psychology. of will (1 
hour); introduction to scientific works in the s^re of jpsychology 
and erthiosj outlined of pedagogy (2 hours per week). 


$. BAMBUBG. 


For the trainmg of their teachers for secondary schools the Hanse- 
atic cities of Hambuig, Lubeck, and Bremen^re ^verrted by the 
regulatuMis in Prussia. The scientific training of the prospective 
■ < D these States, •as well as the professional trainuig in the 

T**k n takes j)la«e in other Statw, such as Prussia or H^. 

1 sbaU, therefore, confine my comment to the professional trainine 
of the candidate in Hambutg. * 
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The candidate in mathematios and natural, science is assigned, as a 
rul.*, to an Oberrcalschule or a tlealgynmasium. The number of 
Seminar candidates at one institution varies from 4 to 12. Each 
candidate is assigned to an experienQed teacher in hlh special «ui- 
ject.‘ This Oberlehrer decides what lessons the candidate must 
attend in order ,to prepare him most quickly to give instruction 
himself. The period of simple listening rarely exceeds two .weeks; 
then follow the first attempts at teaching in the presence of the 
Oberlehrer. A candidate showing some aptitude ^ves one or piore 
lessons alone, even during the first quarter 6f the year, that he may 
display his powers of preserving discipline. Not till this chrysalis 
stage has passed does the director listen to a candidate's lesson and 
discuss it withjt;^ Oberlehrer. Such conferences are frequently re- 
peated. Interruption of a lesson by Oberlehrer or director farely 
occurs, as it is reco^ized that , the loss suffered by the candidate's 
authority is greater than the benefit which would accrue. Moreover, 
at the end of the lesson there is ample opportunity to point out any 
error. In case of need a written preparation for the next lesson 
may be required. It is arranged that the candidate gives at least 
four such inspected lessons, so-called “Anleftungsunterricht," weekly. 

At the same tune, in accordance with the advice of the Oberlehrer, 
he visits classy, first, in all grades of lus own special subject, then 
also in other school subjects lo a moderate extent. He has to render 
an account of his activities to the director every week. In some 
institutions a written report of lessons heard and given is* required. 
This proceeds by way of the Oberlehrer, who suppresses indiscretions 
or evidences of poor judgment. Since in a large faculty frequent 
substitutes (Vertretungen) are necessary, the candidate is early and 
frequently called upon to act as deputy. In these cases he is quite 
alone and must report to the Oberlehrer what he has done. The 
weekly amount of Anleitungsstunden, hours of visiting classes, and 
Vertretungsst unden should not exceed 18 and usually varies betv^en 
12 and 15* hours. ' 

In the second quarter the candidate gives frequent instruction in 
one or two classes of different grades. He must direct practical class 
exercises in physics unassisted. If a class is divided into two sec- 
tions for carrying out exercises, it is customary for the Oberlehrer 
to take the ^t section, while the candidate assists in the lesson. 
The candidate then conducts the second section himself When the 
candidate has the necessary independence, especially with respect to 
• discipline, the attendance of the Oberlehrer during his teaching hours 
is confined more to regular visits. * | 

< In. the; second semester regular teaching hours are .frequently 
.assigned to the candidate, and for these he receives remuneration. 

In addition to this he retains Anleitung&unterricht ii;i. 6ne subject. ^ 
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. In the Sotninarjalir the candidate must become tlibroughly 
acquainted with tlio school equipment, and the laboratory exorcisea 
give the necessary incentive. In addition all Seminar candidates 
of physics »ro required to attend the weekly instruction (2-3 hours) 
in practical physics in the Oberrealschule at the Uhlenhorst. 

For theoretical instruction a conference of one hour a v;eok is 
appointed. This is led by the director. So. far as possible, general 
questions of instruction and education arc dealt with by discussion. 
Experienced specialists lecture on metliodsof instruction In individual 
subjects; discussion follows immediately or a week later iir the 
presence of the lecturer. Every candidate must present a-*.^\ne\v 
of some vuuable work; for example, by Locke, Basedow, Pestalozzi, 
llerbart, Jfiger, Forster, Wernicke, Lietz, Wetekamp, Reidt, Simoni 
Schwering, Klein, Wellstein, Killing, or publications of the Inter- 
national Commission on the Teaching of Mathematics. The zealous 
use of the Semipar library is promoted by the director. In some 
^ institutions the minutes of the Seminar conh^ronces ore taken by the 
candidates in turn. At others each candidate has to prepare minub'S 
of all general onspecial conferences. 

The candidate has to take part in all conferences and class examina- 
tions in so far as he" is hot preventod ly his own instruction. When 
the reports of those examinations are decided upon by class teacher 
and director, the candidate has the right to offer a dissenting opinion; 
indeed, he is expressly summoned to declare himself, if the higher 
courts disagree*. 

At the end g^the Seminarjahr the candidate must present a 
scientific pedagogic thesis, and a more practical report on his total 
teaching experience is due at the end of the Probejahr. In the 
Pr^bejahr'the candidate is usually busy with a Ivgo aradunt of 
remunerative teaching. . If he remains at the same institution ns 
that in which ho spent the Semmarjnhr, the directing Oberlehrrr 
js frequently changed in order that different -methods may be learned. 
Monthly revisions by the Oberlolirer and a thorough examination of 
the classes' by the .director at the end of each semester are the rule. 

The inspector follows the development of the candidates with 
special; attentjon. At each of his visits to the institution, of when 
thej^rector appears before the school authorities, ail candidates 
are'mscussod in detail. Special occurrences are immediately com- 
municated either orally or in writing. Th^nspeetpr hoars Jjie 
candidate at least once in each semester, anoconsiderably oftener 
if doubt arisps as to the desirabilityof admitting him to the Probejahr 
or <rf awarding him an Anstellungsf&higkeitszeugnis. On the basis 
^ his own pl^rvations, of repeated oral reports by the dfl-ector, and 
of written final reports by the Oberlehrer and director, the inspector 
pasi^ upon t|^ candidate’s fitness for the Probejahr or for > i.na/’tiing 

I '■ • ... 
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certificate. The refusal <rf the first as well as the second occurs 
repeatedly, either by postponement (when the work* is usually con- 
tinued nt another institution) or with' finality. ' ^ # 

In conclusion, ^onie titles of seminar theses may be- mentioned. 
Tlu^ related literature's collected by the candidate from Rethwisch’s 
Jaltresherichtcn iiber dm hohere Sckulwesen, and the director then 
furnishes the more irrf^ortatit original works for thorough study. 
1 he problems are so' chosen that the candidate has opportunity to 
test theor};in practice or to modify it. Since he receives the theme 
in the first month, and does not render the thesis till tlie ninth, 
ample time is allowed to assemble personal experiences. Tfie titloj 
are as follows: . ^ ' 


^Whaf limitalioiiH can be impoecd on arithmetic-algebraic instruction in #the 
«'<-i>ndary .‘»ch<w)l clasBes? * 


^ (in what grouiula cap the constant use of oblique parallel projection be recom--* 
niciidod in commencing the instructiou of descriptive geometry? 

How far can and how far should arithmetic in the lower class^ of the higher schools 
prepare for the instruction in algebra? 

\\ hat part of the theory of circles may be placed at the beginning of instruction in 
plane geomctr^^ 

Oeometrical instruolion in Qiiarta. with special reference to M. Schuster’s Geo- 
metrisfheAu/gahcn^ 

How may instruction in splierical trigonometry be built up on the theory of right, 
angled dihedral angles as found in solid geometry? 


The treatment of the integral calculus in Oberprinja, starting from definite integrals. 
Logic in the program of the Obcrroalschule. , ' , 

How formulaH* in Sekunda the tii||tmcnt of trigonometry that has the closest poasi* 
hit connection with plane 'geometry? 

To what extent is history of philosophy connected^ with instruction in physips and 
chemiMry? / * ' 4 

Tfie instructional value of drawing, ^ 0 . 

Induction and deduction in geometric instruction. . , 


When a candidate for a teaching posirton in a secondary school 
takes up the work of his preparation in tli6 German university; he 
is not without suggestipns for his guidance. Two illust;*ations of 
weight^ pronouncements of this nature may be indicated: I. The 
plan recommended in 1907, after three years of labor"* by the com- 
mission ort instruction of the Gesellschaft deutscher Natutforscher ^ 
und Arzte (resulting in the formation .of the Deutschen Auschusses 

— — ^ ^ 

* Oetmetrit^ Aufga btn and L ehrbutj^ Oeometrie, Nach koDstruktiv-analytlscher Metbodo bsarbcltet. 

Nacb dem Tode des VcIffSISll liuslfs^gebcn voa W. Uetzmann. Ausgabe A; fOr V<rflan 9 talten, 3 Telle, 
Lelpdf, Teubner. I. Tell: PianimitrU^Z, Auflefe, 1908; 168 pp.; II. Tell; TrtgonamelrU, 2. Aaflege, 1911, 

195 pp.: III. Teil: StereomOrtit 8 . AufUge, 1908 , 110 pp. • » • 

*Cf. A. GtiUiner, nfe tdtIgkeU der UnUnichttktymmUiion der OeeeUidkaft deuitdtir Naturfdneher und 
Ante. Leipzig, Teubner, 19^ The plan and reoommeodatlooi were abo.publlshed In tfnim$Udt und 
achuU, Vortrdgt auf der Ve^mmlung detuecher PMMagen und^Sekulmdnner tu Baed,' /Off, Leipzig, 
Teubher, 1907 . BaenlaoW, Imy, Dae istudium der MuJuimUt an den deuUeJUn Uni9nHtdU% pp29i~296. 
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fQr den mathematisohen und naturwissenac^ftlichen Unterricht) ; 
II. Advice (Vorschl&geX issued in 1913,' at the llijiveisity of Gbltin- 
gen, to students of mathematics and physics. , . ' 

I. In this plan it is recommended that the general studios ^in 
mathematics and physics should be taken.during the first six semesters 
according to*t^e following scheme:' . " , 


8sm- 

estsr. 

^ ^ 

Specialtj studlsv 

General stuiiios. 

1 

j Analytic Rsometry. • j Experimental physics, 
* Exsrpises, Praktika,' Ssminarles. ’ 


3 

Differential and Into* I DaacrfptlTe raometry 
grat calculttt, II. (with projecu vs geom-. 

Exsrclsss, l^raktlka, Ssmicari 

Ex|)erimontal physics, 
os. 

1 * * . 

3 

If 

Diffsrsatlal equations. 

Exi 

^mentary machanJes 
(with graphical and 
numerical methods), 
sreises, Praktika, Seminar 1 

* I D trodu cti(m*to cbeni- 
Istry. . 

as. . - 

* 

4 

Algebra wltb thorny of 
numbers. 

' E» 

Curves and shrfaces. ^ 
rclses, Praktika, Semlnari 

* 

Higher mechanics. 

OS. 

Hbtory of philos- * 
«pby and peda- ' 
gogy. 1 

1 

5 

Theory of functions. 

Exf 

Curves and surfaces. 
8urve>ing with calcu- 
lus of probabUitles. 
ircises,^*raktika, ^mlnaii< 

Theoretical physics, 
as. 

Logic. 1 

6 

A oomprehensive leo- Astronomy With eeo- 
ture. 1 physics. 

Exercises, Praktika, Semlnari 

Theoretical physics, 

la, ’ 

Psychology. 


■ -..Stru.4.^ W S T or t^nucB* Hoclucbul* instrurUoD is not conAnod to Infor 

Hit.-, « to lob.™ 

In addition to tliis there will be added in most cases two to four 
semesters duHng w^ch — ' . ^ ^ 

the indurtrioue student finds time to.complete theae etudiee in some direction which 
appeals to him. Abd^ all it ia of unportance that he deepen his study in some special 
field, in which it may well happen, that he is led to the doctorate. Candidates with 
other gifts will strive for a suitable extension, not too far-reaching, of the “specialty 
studies” in the scheme outlined above. 

As the most essential point of this scheme one may well put forward the maanfestly 
impelling effort to make the mathematical training of the average candidate as far as 
possible independent of the ep^ial fields of investigation standing for the time being 
in the foreground of interest. 

II. The Oottingen Vorschl&ge. 

The employment of years of study for the acquisition*of a general training, by virtue 
of w^ch the candidate m ay later undemtandingly become a part of the whole brganizf^ ' 

» BUttm$ef%r He StuHerenden ier JfyOemM uni Pktefk an Ut CTfitfwrtftdl omngen, Lsipilg, Teulmw; 
1913, pp. 30-St Sm also JaknAerkdt ierdeuiet^ MademaHker- Verdninfune, Bsnd'99; 1913, pn 99~i00 
iwl W. Uear^ DaeStudfumder MetkematikanimdiyS^ UfUvereUiu^pi ] 
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tfon of the school in which he ha»to work, and may have the ability to make himeelf 
potoatly felt in hia department, is indeed a very important matter. Important, too, 
ifi appreciation, for the time being, of the pedagogic pmblemB whid:i stand in the 
^ for('p;round in the later acti\dty of hia calling. ' 

In connection with ^oae matters, however, there are two contrary conceptions. 

The one,* sustained more by historical tradition, understands general training as 
knowledge, of an encyclopedic nature, as it were, of just those fihlds which are far 
removed from the special studies in mathematics ^nd natural science, such as historical, 
literary, or even artistic phases of human development. According to this conception 
the pedag^c instruction puls in the foreground the general ideas which have been 
Bupnrested in the course'^of history with regard to the problems of education. 

The other more modem conception demands that the candidate in mathematics and 
natural science shall be in a position to establish the significance of hia mastery of a 
particular field of instruction. In this sense we must refer to the importanco which 
mathematics and natural science possess for the logicfil and theory of knowledge side ‘ 
of philosophy, for psychqjogy, for history of civilization and technology, for geography, 
finally for the general field of civic interests. The biological side of natural ecienceis,^ 
bolides this, the basis of the rational theory of health, and it has to that extent also a 
quite particular importance for school management. Corresponding to this conception 
it would be desirable that the candidate at the tlniversity should soon acquire a certain 
understanding as to the significance which his scientific studios po^^^esa for the didactics 
of his subsequent field of instruction. On the pedagogic side, however, the great and 
important field of child study opens up. * 

• At th*’ present time examination procedure alwa}nB follows the first of the concep- 
tions. We would not, however, omit to mention the other which is. ever gaining cur- 
rency. We do not recommend definite lectures or Praktika in one or the other direc- 
tion; rather do we believe that very much which is worthy of attainnaent^iere is better 
obtained by private study or, in 'some cas^, by association wiwAhose who have a 
similar purpose. WTiichever course the candidate may follow, we urgently recom- ^ 
mend that during the years of his university study he sh&ll not lose si^t of the irar 
portance of the formation of his ow^n style and delivery^ and in any case shall attain as 
great knowledge as is requisite to the successful pursuit of his studiee. We most also 
think of ^d observe the necessity for physical exercises so that on the side of the 
managcmeqt of instruction special weight be laid upon the acquisition of ability to 
give instruction gymnastics. • 

On account of conffict of statements in* authorijbative sources, it 
seems well here to formulate definitely the observation that even thi 
general requirements for the training of teachers of mathematics in 
secondary schools are not the same for all the eight States we have.^ 
specially cor^idered. Prussia, Alsace-Lorraine, and Hamburg each 
require not less than three years of study in a university or school of 
toc}jnology,butallthe other Stat«3 require not less than four years.^ All 
States except Wurttemberg, apparently, now require a Seminarjahr; 
tliis has been true of Bavaria only since 1912, and there is some doubt 

> According to new Prussian project, which bad been formulated when the war broke out, the followliit 
changes in the training of secondary-echool teachera were oonteinpiated: (1) A miniimim of four instead of 
three years of study at a university or school of technology; (2) instead of a mat«r and two mnars in the 
special-subject examixtation, two ma)on and one minor; (3) foUowlng^he lead of Bavaria, an 
at tbehlose of ihe professitmal training. L* ErueignernttU matkimtUique, tome 18, 1918, pp. 358, 368; 

Lorey’s Da* Sindlum der UaiktmiMk sn dm dmUehm UnivertUdUenf pp. 364-358, 298; and J^erkJU* uni ' 
AfUteUungm, veraniasU dunk dU IrUematianai* MUkeimUifcke UfUarkktt-kimmistUm. No. X, Lelprig, 
Teuhner, 1915, p. 58.) 





124 TEACHERS OF MATHEMATICS FOR SECONDARY SCHOOLS. 


regarding Saxony. The Probojahr is not required in at least three, oT 
tho oight Stat 03 . In Wurttomberg the eo-callod Probejahr is simply 
a year of teaching. Statements made to the effect that two years of 
professional training are required of all German teach^ in secondary 
schools must therefore bo accepted with consiclorable reserTe:^at 
least four States do not have two years. Tho fac£s may be exhibited 
in tabular form. Note that the requirements in Hesse are more 
extensive than those in the other States. 


L 

% .1 ' ■ 

■ Least nmn< 
! bor of 

. i • ro- 

States. 1 <|uirel at 

j imivendiv 

or techni- 

I - cal school. 

Seraindr- 

Jaltr 

r^ulrolT 

i 

Troliejahr 

requir^lT 

1. Tnitvia 


1 , 


2. Havana - ; ; i 

, 1 os 

Vta. 

3 »a.\onv 

4 . ^ iirttainl'Cre 


t.. 

1 So. 
? 

6. Baden 


No.. 1 

V«(T) 

6 . Alsocp-I.orrainc 

7. U«i#o 


Vfti 

Ye,s 

No. 
No. * 

8. Uamliiire ' J 

y«s 

Yes. 

'■ ' > 1 

Yt*s 

Yes. 


' .\o. U*fon* IM 2. yc.-!. .'imv 


It seems a little curmns if the man who has just ooiiipleted his 
Sominnrjnhr in Alsa<'o-lA)rrnino, whoro thon^ is no Probejalir, sliould « 
be immodiatoly qualified to teach in Prussia (becau:^ of tho inter- 
changoability of certificates) when a Prussian inuat submit to another 
year of training. 

Salaries in Prussia. — ^The following scheme of salaries wont into 
•flfoct in 1009:' 


1.. SalariM of Provinzialstrhulriite: 6,300'8.l00 luarka 727 SO) * Tho in- 

' CTeaaoofeOOmarkacmnwatthoend of tlKo,,. si.z. and ninoy.oarporio.l8otsomco. 
balaneaofdiroctorsofnino-yearachoolr fo) In Berlin, 6,600-7,800 marks($l,o!l0.80- 
tl.8M,-tO);> (4) in other citiee, 6.000-7.800 niiirks ($t.'(28-$l.8r)G.‘I0).» In 
addition to these salaries directors roreivo a rent indcimlity of 1,800 
marks ($438.40) in Bcrliu and 000-1,500 niarks ($2l4.20-$347) clsewhur.-* 
Salaries in both (a) and (6) increase by 600 marks every tliree years till the 
maxunuiD is reached. ^ ' 

3. Salaries of directors of six-year schoqls: 5.200-7.600 marks ($1.237.6U-$J ,808.80).* 

Thd rate of salary incroi^ and rent indemnity is the same as in 2. • 

4. Salarito of the Oborlohrer, teachers of science: 2.700-7.200 marks v?022.60- 

Il.7l3.60). Thosalaryincreasesof cuVaftereverj'threoyeareofsorvice. Tliefirst 

^oe increases amount to 700 marks each; the next four to 600 marks eiu li 
The Oberlehrer’s rent indemnity in JicHiii is 1.200 marks ($285.60)* in other 
places r*6(^-880 marks ($133.28^209.44). 

atBistants from whom the Oberlehror are chosen: 2,100 marks 
($499,80) for the first year, 2,400^ marks (1571.20) tor the second, 2,70O marks 

* StatWiKhu lahrbueh drr hdheren Schulm, XXXIU, JahrRanc. 1912-13 I.dpUc 

* TU«8e s^|nrie$ each iocltitJe -ioo marks **pon<vionK(iUil{;e Zutage.?* 
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($642.60) for the third, and 3,000 marks ($714) for the fourth year. The rent 
^ ii^Bxinity for Berlin is 72(r marks ($171.36); for other places. 290-^ marks 
(J|6^-$138.04). ‘ , 

In other parts -of Germany salarfts ar e sometimes not quite so 
high (for example in Hesse), but in Hamburg directors receive as 
much as 13,000 marks thou t residence or 11,000 ^narks with 
residence^ and salaries of the Oberlehrer range from* 4,000 to ll,00() 

, marks without rent indemnity.* ' * 

Peiisiom . — In practically all of the Sta^ of the (German Empire 
the teachers of higher schools make no contribution to the State - 
pension funds. Such pensions may therefore be considered as adding 
to the attractidhs of the teachers’ positions. 

If a Prussian teacherHs retired after 10 years of service, he receives 
33} per cent of his salary. The aihount of peasion increases with 
each additional year of serviedj after 25 years it is 58i per. cent of 
his last salary, and after 40 years of service the ^maximum of .75 
per cent is reached. The period of service inclucles time (1) spent 
on leave of absence; (2) in' tho^Seminarjahr^ and Probejahr; (3) in 
military service if performed after the age of 20. 

Sixteen of the German Stat^ give larger pensions after 40 years ^ 
of service than Prussia docs, and several States grant 40 percent 
of the salary to teachers Torced to retire after 10 years of service. 

Three States (Hamburg, I^sen, i^nhalt) give the full salary in 
pension after 50 years of service. {Statwtisch^s J(thrbiLchf 19 13-1^,) ^ 
Prof. J. W. A. Young has calculated that a very rough approxi- 
mation to the annual cash value of a Prussiurl teacber^s assurance* 
of a pension after 10 years of service is, $222.* If this be added to 
the salaries, and rent indemnilies, we Ond that the range of income 
of directors is from $1,673.80 to $2,506.80; of Oberlelirer from 
$077.88 to $2,145.04, this last salary being the reward after 21 years 
of service. 

Condvding comment . — Characteristic features have been outlined 
to indicate a fair uniformity of procedure throughout the Empird 
in the selection of teachers of mathematics for the secondary schools^ / 
: and it has appeared thatjn very few of the 26,States docs the standard . ‘ 
fidl below the remarkably high one set by I^ruasia. The possibility 
of this uniformity is largely caused by the standardization of all 
secondary schools “for the purpose of administering military priv- 
" ilego which is under the control of the Central Government.” 

In Prussia the secondary teachers as a class how. form an important. ^ 
group in the soQial system of the country as the result of stni^le 
• during more, than half a cehtuiy for economic equality with the / . 

.. : 9 ^ ^ ^ -—i — » . — 

1 For furttMT dttalU with rttgard to dlfftrent Stotes th« current StailMUche* 7oArfriidh mny b* boosijtlted. . 

• a Tht Tnckinff ^ ifoaeniahcr in the Higher Sekeoli of PruoMktt London, 1900, p. 20. ProL Yound*ittnU> 

*• ment of S2M is derived on the basis of 1 mark as the equix-alent of 24 cents intend of 23,8()nts. It should 
also be remarked that Prof. Younf 's eftiinate wu based upon a lower ic^e of salaries than is now la lofee. 
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or judges Of the lower coufte^ la his delightful Yolume.on^ 

tne yborlehrer, Mr. Learned writes as follows; 

Owing to the pccuUw sthicturo of tbo/Sermnn Stoto, the cUma of pubKc aervnnta 

''"’‘u’ •"'* »™ eUborsted with gnat 

n^p»5^o nine |rra.leain the civil eervicc make a fairly accuiaie baeie for meaeum- 
C^nt of public iinporlanc*. ahd clam differences are minutely scnilinized'. Now it 
Jjappona that of all .State officUla, the judKos in courts of the limt instance are most 

^"7“ • •? . They are members of a court ortanited on 

the collogiate principle; they have approximately the same training as the Uberlehier 
and are not far from the latter ^n Duml>erB. ’ 

It was claimcd/"that— 

* ttc ‘ho^conditions of service, and the social obligations of 

the Obcrlehrer were fully equal to those of the Richter; that the service of ^ Clvm. 

T “®‘ ‘“^7" ^ las^cdurt; and that, primarilv. for th, 

e of theee schools, an equal rating was necessary to secure the ablest brains for the 

pn?*lise necessary for the Oberlehrer in the discharge of 

rho Kaiser, Bismarck,^ and- Paulson were among the Oberlehrer’a ' 
champ, ons in the light which was .finally won by parliamentary a. 
decree in 1909. * ^ 

The instructors in a secondary school of Prussia insist of (l) ’ 
the 1 robnndus. or candidate on probation; (2) the -Hilfslehrer oi- 
part-time insl motor, who is qualified for a higher position ’hut 
awaits an opening; (;i) the Ohorlelirer; (4) the professor; (5) tlie 
director. The title ofAprofessor is purely honorary and was’ granted 
as an offshoot of the struggle referred to aibove for improving the 
socid standing o/ the tea«her..< The ministry may appoint one-°hird 
of the regular staff of the higher school to a rank equivalent to that 
of univeraity. piofe.s.sor, and oil those so nominated are authorized 
to use th'e title. Although it was intended that the honor should be 
a reward of merit, in practicof it is awarded irrespective of merit 
to the upper niul-older sQction of the faculty # 

.-Vs for tlie iiiimher of hours of service per week, German teachers 
compare well with American and English, but badly with their, 
hrcnch colleagues. Special, teachers give 26 hours of instruction 
per week; Hilfslehrer, 24; Oberlehrer, 22; and professoie, usually 20; 
but all are liable to extra work without, aa iuTrance. extra remuneration Tho teach- 
er, are expected to watch over their pupil,;,hoalth, to prepare theb leesona carefully 
and-mrk Ibeir exerewes r^ularly,- to conault the director before undertaking any 
pnyate work Md the ProvinzialachulkoUegium before venturing to marry, and above 
w u 7” controveniy and pampMePwriting. It will be noticed that 

French ihaetora, though equally civil wirvanto, are bound by none of tbeae nettv 
re^uitioiis. ^ / 

In addition to an atoost overwhelming burden of official duties, 
l^e director must usually also teach 12 to 15 hours a week. But in 
spite of his great responsibilities, ho. is warned that oven in official 
relations with teachers he should not emphasize the fact of his pre- 
cedence. As Mr. Learned remarks, “He is but primus inter pares. 
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and the mem hors of thor KoUegium do not allow liim to ignoco pr 
forgot the fact. ’ ' 

Although tho school obligation^ of the Ohcrlohror are arduous, it Is 
oomnion prnotiee for him to supplomoiit his small salary by private 
tutoring and by boarding students at his hon1l^. Ho can by fwigal 
luiinagoinont comfortablv roar ami otluoato a large family, while con- 
stantly enjoying a sonso of security in the tenure of his oflioo and in 
pnoivsions mmlo for disability and advancing age. Moreover, his social 
status in tho community is of importance commensurate with that of 
one whom Bismarck declared to be “the most important factor in 
j>atriotic education of the rising generation.” 

To such training, career, and rewar'ds the candidate who presents 
liim>(df for preparatiim a< a teacher in a secondary yhool in Gernlany 
luaV look forward. * > * 

The scientilio publications of professors in secondary schools con-, 
sist mainly of textbooks and of discussions. of methods in teaching. 
Among: mathematicians who have produced purely scientific work 
during professional activity, the notable case of Gra*>smann may he 
cited, ^ ^ 

It was. formerly normal for a hnivei^ity professor to start his 
(areer by teaching in a secondary school. • For oxam/)lc; Weiorstnis.s, 
('l(‘hsch, Fuchs, Kumnicr; and limong tliose living. Sturm, Killing, 
Ijimpe. and Wangerin. But since about 1870 tliis hits happened 
rarely At the Technische Hoehselmle in Berlin certain courses are 
given, by secondary scliool professors; some of wlvom have been called 
to universities; for instance, Jalmke and Sajkowski. At Strosslturg,« 
Simon has been hoth professor in a secondary school and honorary ' 
professor in tho university sinee 1003.. 
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Uhn’e./ y,,,,l .1., hr . «,„/ AuMI.I,,,,,, J,r l.ehmynlstan'.lulain, ,, 
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'* '• "'-f'lD l..i|v.i.. .•IVni;,,,.,.. 

- 19H). lL*H.t|p|). .V 

Lim.M.V.V.N. \l,„he,„a„H.I,r.r an .I.;, I..,l,crc„ ' .<c’,;l.n 
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Now York, Appleton. UKKl. P.M .‘tOS. 
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of Kducahon, Hullotin, 19M. No. ;15.) Waahin^'ton, 1911. ^ 
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n. K. SMITH, ‘Corman yoraue Amori*.a^n . t'onditiona, ” ‘ TVocfcrra CMegt Record, 
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(pp. 1 192'; A. E. TWKNTYMAN, “Note on tJio revisc'd Curricula anc? IVo- 
frrammea Work for Ilipher Schools for ISoya in Priimia, 1901 *’ (pp. 19;i-206), 
Kduvotion n (itTiiwtoj (SpiM iai Kei^tJ^ on Kducational Subj«H'ia, volume 9). 
Ivondon, Hoard of Education. 1902. 


•M K. SAHLKH, *’rn»bIemMin iVuciaian S«i'ondary Education for Itoya, with special 
^ reference to similar quest ions in Eiijilaiid " (pp. 8T 2:»2); H. PP D. HAMMOND, 
"The Ilipher Scho<>]8 of the Grand Duchy of Baden; thdr Development and 
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Germainyliaa two periodicala which are sjHM'ially devoted to promotinp the teachinft 
of inatliematics; (l) /fi/srAn^//iirmn/Acmo/i>c/M^n ?(ndnfl/wnn>rcn^Afl/HiVAcn linterritht, 
(I/eiprJp, Toubner). foundtMl in 1870; and (2) UnierrirhUblmter fiir. Mothnnaiik und 
A'a/wn/*tasrnjrAo//<7t, (Berlin, Salle), established in 1895 as the organ of the* Verein zur 
FOrdening des mathematischon urid naturwiascnschaftlichen Unterricht 
Wh^ie current voltthu*8 i)f the f^inrrr«/d/i Kalendnr indicate all lecttires delivered 
at German nnmr*»itio$, frtan semester to Keihester, titles of most of those on mathe- 
matical topics arc probably more rea*lily acct'SKible in. Uic Bulletin of American Muthe- 
maHcal Society or in L'Enifignemej^i Mathbnatiqw. • .-f 


IX. UITNGARY. 


Exclusive of Croatia and Slavonia, Hungary is about 109,000 square 
mDes -in extent and has a population of over 18,265,000^ of which 
more than one-half are Hungarians (Magyars). 

Hungarian education . is administered, for the most part, by the 
ministry of worship *nd public instruction, which is organized in 10 
4cpartment8, including the departments of elejpientary, secondary, 
^ and higher education. Although not all schools are controlled by 
' the State, all are subject to State inspection. 


. - ' SECONDARY SCHOOLS. 

The right of inspection over all secondary schools was given by the 
secondary school act of 1883. Another significant feature of this 
law was that it gave to the national speech, the Hungarian language, 
its proper place in instruction by directing that it should receive 
attention in aJl school courses. * 

Secondary schools are divided into Gymnasia and “ Real Schools." 
The aim of .these schools is to provide boys with a higher general 
training, and to prepare them for the universities. . The Gymnasia 
attempt J .0 carry out this aim by means of a humanistic training, 
especially classical; the Real schools by means of modern languages, 
mathematics, and natural science.' ’ 

The secondary school course of eight years (Classes I-VIII) is based 
upon the first four years of the primary school course.' In the Real 
schools, the pupil studies 9-1 1 subjects each year and receives 28-30 
hours of instruction per week. In the whole course 30 hours per 
week of class work have been devoted to mathematics and 22 hours 
to drawing and geometry, or two-ninths qf the total humbor of hours 
in the course has been assigned to these two subjects. In the Gym- 
nasia this proportion is reduced to twb-thirteenths. Hero arithmetic 
is taught in .Classes I-III; algebra, plann geometry, and plane trigo- 
nometry in Classes IV-'V!,; algebra, solid geometry, spherical trigo- • 
nometry, and graphs in Classes VII-VIII. In the Real schools these ' 
subjects are developed at greater length, especially the section on 


*' 'm IrtoUk) l;r iNsn *f» sbo bued tfixm thlf ooun^ 

but the form end nsnner o/ inetnicUon Is that of Ugher elementary schools. 
iDnmttoMd Slavoi^ the M(bt-yMr ctnm or Hconduy oduooUon b liv ttw hMlgymnub. 

«con<tar7 odocMlon b limwt Idooilcol, «vm to Uw piogiaiib, »ltb Ubt of ^ 
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graphs, which becomes a course in plane analytic geometry. Eight 
hours of descriptive geomet^^^o come into the program of Classes 
VI-VIII of the. Real schools. ^ 

A public examination takes place at the close of each school year. ‘ 

- At the end of his eighth school year the pupil must take the final 
examination. This examination is partly written and partly oral. 

The oral^art is public. The student who passes this examination 
suecessfuliy receives a ‘‘certificate of maturity.*’ He is. then usually 
about 18 years of age. . ' * • 

The certificate of maturity fj-om a Gymnasium entitles the pupil to 
entrance into any Hungarian, university; The certificate of maturity 
from a Real school entitles, a pupil to entrance into a Polytechnikum, 
or tho»mathematical or science department of a university. 

THE UNIVERSITIES AND POLYTECHNIKUM, AND SECONDARY SCHOOL 

TEACHERS. 

In Hungary there are five universities maintained by the State: ' 

The Univeraitj of Budapest, with over 7,000 students .and the chief 
center of classical and scientific study and research in the Kingdqm; 

• the University of Kolozsv&r, with over 2,000 students; and the uni- 
versities at ZAgv&h (Agram), Pressburg (Pozspny), and Debreczen, 
the last, two of which were founded in 1912/ •TTie Royal Josefs- 
Polytcchnikum at Budapest has about 170 professors and about 
1,8^00 students. 

’File secondary school education act of 1883 gives definite instruc- 
tions concerning the trainiiTg of secondary school professors. The ^ 
candidate must meet the following requirements: 

^ (/t) Ho must have graduated from a Gymnasium or Real school. In the latter rase 
he must^,be al>le to read and understand easy I^itin, for example Cesar’s writings, - 
Ovid's poetry, and Cicero’s letters. 

(b) He must have spent four years in a university or Polytechnikum devoted to the 
study of the special subjects he wishes to be qualified to teach. He must choose at 
least two subjects, and he is strongly recommended to take three. Ho must also show 
(1 ) proficiency in the Hungarian language, literatufO, history, and general Hungarian 
culture; (2) a thorough acquaintance with pedagogy, history, ^princi pies and methods . 
of education ; f 3) a knowledge of the' special methods of' teaching his special subjects; 
ahti (4) that he has studied loj^c. psychology, and' the history of philosophy. 

(c) A year of practical teaching in a secondary school after the completion of the 
four-year university course, or five years at the university and at least a complete 
year of si*condary 6ch<^l teaching accompUshod during that time. • 

The candidates are examinechw a special examination Tfcmmissidn 
organized by the universities.* men^rs of the commission are 

^ * Kslthor of thess^unlversitles nkt s fsSulty of mathematics aod sdenoe; . The University of PreMbu^'*^ 

was deveUmed from the Royal A^mdemy of Pressburg, aod the University of Debiw&en from a high sohool 
which had been In existence for pvar 300 years, f/. Rept. of U. S. Commfo. Educ.. Vol. ]. Washincten. 
m6,pp.weA ' ^ 
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mostly professors from the universities and Polytechnikiup, but some 
are also Privatdocenlen or eminent secondary school professors. 

According^ to an ordinance of 1888 the candidate must choose at 
' letet two special subjects which ho wishes to teach, g., mathematics 
with physics or descriptive geometry. The ordinance recommends 
that the candidate should also make a special study oT a third sci- 
entific subject or else of philosophy. ^ 

The examination is threefold: I.’ The general examination at the ' 
end of the fgunh semester; IK the examination on special subjects 
% at the end of the eighth semester; III. the pedagogic examination 
at the find bf the next year, which the candidate usually employs in 
professional practice. ' 

Thdse who fail in an examination may come up again six months 
later. Those who fail a second time may not again present them- 
selves for examination till a year later, during which period 'they 
. must have attended lectures a university or at the Polytechnikum. ' 

I. The General Examination is composted of two parts, an oral and 
a written examination. The former is public. In the latter and in 
other written testa 10 hours are allowed. The candidate must write 
a theme in the Hungarian language on some subject of interest in 
Hungarian literature. 

In the oral examination the mathematical candidate is examined 

(1) Plane and .pherical trigonometry: (2) analytic geometry; (3) analysis-cbmplex 
^numben, infinite aeries, elements of the theory of equations ami of differential ami 
integral calculus; (4) descriptive geometry— (o) orthogonal parallel projection, axo- 
nometry. oblique parallel projection,' central projection and collincation; (6) clomonts 
of the constructive theory of lines and surfaces: (c) shades and shadows; (d) perspec- 
tive; (5)» physics— («) experimental physics; (6) elements of analytic mechanics; (6) I 
Hun^an langiiago and literature; and m one modem language (German. French 
English, or Italian), with the literature ofTlie same. • 

_ ^ At this examination the candidate must be provided with his cer- 
tificate of birth, a medical certificate,, ha certificate of graduation 
from a secondary school, and a certificate^ to prove that he has 
studied the requisite time in a university. * 

It may be vfell to give indications of what knowledge is expected 
for the above examinations in analytic geometry and in analysis; 

In analytic geometry: Points, lines,' and complete , discussion of conic sections; 
^neration of conics by proicctivo pencils, parabolas through four ^ints; conics 
th^h five points,^ common jiroperties of two conics, pencils of conics and circles, • 
axM; line coordinatea, trilinear coordinates, principle of duality, . conics in 
too coordinate, generation of a conic by projective range, theorems of Pascal and 
. Bnanchon; point coordinatoa in space, lines and- plane in space, coor<Unat« tians- 


' .HBoomme (or t eiodidaU to «ii« m tIUM aublMte ptaUMmsUca phnle, sod desertpUW. 
• if . candldato hu not sltcts|l to ipadalU. ffi both (4) Mid (S; h. U «aiiUiMa in only ou o. Uwm. 
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formation; tecility in d^MfWning geometric loci. — In analysis; Thorough discussion 
of irrational and complex numbered De Moivre^a theorem, general theory of root ex- 
traction (binomial equations), properties of roots of unity; infinite series, conditional 
and unconditional convergence, series with complex members; convergency of 
power series, circle of convergence, continuity of power series; definition of ele- 
mentary functions by power scries; binomial, exponential, and logarithmic scries; 
connection between exponential and trigonometric functions; Taylor^s and Mac- 
laurin's expansions; maxima and minima of one anfi»^^^8evei^ variables; multiple 
intognvls, surface, volume; fundamental theorem of algebra that every equation has 
a root; symmetric functions of the roots; cubic and biquadratic equations; approxi- 
mation methods of Homer and lagrange; elinunation, methods of Sylvester and 
B^zout. 


II. After two more years oi university study the candidate may 
present himself for exannination in his spedol subjects. Five months 
Jjjifore he presents himself he is given ,a tiieme in each of his sub- 
jects, upon which he has to VTite a dissertation. In this dissertation 
the candidate must show familiarity with the literature of the sub- 
ject as well as originality and knowdedge in its presentation. All 
authorities must be carefully indicated. These themes are passed 
upon by the professors of the examination commission. If a dis- 
sertation is regarded iis 'insufficient/’ another one has to be prepared. 

In addition to these dissertations an/oral examination is required. 
In this the candidate must show decided proficiency in each of his 
subjects. AH aids, except a table of logarithms, arc forbidden. In 
case of failure at the oral examination, another trial may be made in 
six months. The oral examination in rmthermtics on: (1) The 
mathematics of the secondary schools; (2) certain parts of geometry, 
algebra, and analysis common for all candidates; (3) thq following 
five subjects, oj^e of which the candidate must know tWoughly, 
the others in a general way — (a) Modern geometry and the theory 
of algebraic forms; (6) number theory and higher algebra; (c) general 
theory of skew curves and surfaces; (d) general theory of analytic 
and elliptic functions; (e) advanced portions of integral calculus. 

In connection with (1) the candidate must not only display such 
acquaintance with the subjects is requisite for graduation, but 
also a deeper scientific insight mto elementary mathematics and a 
thorough appreciation of rigorous analysis. Facility in geometric 
drawing is also required. As to (2) the general examination is sup- 
plemented by consideration of the following topics: 


Elements of aynthctic geometry, ranges afid pencils, harmonic and anharmonic 
ratio, involution, prpjcctiva properties of conics; point coordinates in sparo, difforont 
forms of the equation of a plane, tetrahedrons, classification of surfaces of the second 
dcgreie, general properties, particular surfaces, pencDs of quadrics; adjoint and com- 
pound detonninants, volume of tetrahedron and other geometric aj^plications, func- 
tional determinants; continued fractions and indeterminate equations; infini^ 
products, Wallis's formula; total differential equations, existenq^ of a solution, 
gonoral and particular solutions, simplest differential equations of the first and second 
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ODdw, integnting faotor, linear, differential equations, variation of the coneUmt 
application of differential equationa to geometric questions. ** 

Under (3) the candidate is examined in the subjects indicated in 
the following synopses: 

(o) Xomogeneous coordinates in the plane and in space; conics and quadrics in 
the« mordinates; symbolic notation; line coordinaU's in space; line geometry 
projective properties of linos and surfaces; singularities; algebraic forms; binarj’ and 
tern^ forms; the most^mpdrtant invariants and covariants;'gencial tlieorv of 
quadratic forms; ottbogonal substitutions. ^ * 

(6) Elemente of number theory; congnionces; general theory of quadratic rosiduM 
and quadraticpbjms; general theory of alg(*braic numbere; substitution^ and grouiw; 
ration^ functions of Joots of an equation; rosoJvcnU; cyclotomy; Abel’s equations; 
condmons for the solution of algebraic equations; theorems of Sturm, SyWoeU^r ami 
Hei™te on the separation of roots of an equation; theory of eliminaUon; chief iJroofs 
of the fundamental theorem of algebra (Gauss, Cauchy, etc.). / 

(c) Skew curTfes: Tangent and normal planes, first and second curvature, evolules- 

curyed surfaces; tangent and normal planes, lines on surfaces, surface erements’ 
tangency of surfaces; theory of curvatdre, lines of curvature, orthogonal surfaces’ 
confo^l quadnes, Dupin’s theorem, elliptic coordinates, conformal representation 
of Burfacea; geodesic lines; partial differential equaUons of surfaces; theory of ruled 
surfaces. ' s 

(d) FunctibM of a complex variable: Single and m’ultiple-\'alued functions llio- 
mann’s surfaces, integration of fuucaons of a complex variable. analyUc expre^ions 
for single and multij.lc v^ued funcUons. Dirichlet’s principle; algebraic functions. 
lOganthms, trigonometric integrals; the three kinds of elliptic integrals and reduction 
of general elliptic integrals, the moduhm of pcriodicify of integrals; periodic func- 
tions in gener^, fundainenfal properties of elliptic functions, thete fttnetions, 
development into series; Abel’s theorem, thq, problem of transformation. 

(«) The more in^rtant definite integrals, multiple integrals, J-’ourier series and 
^ integrals, gamma functions, siihorical harmonics; fundamental ideas of the calculu.'* 
of Wtions, variation of functions, simple and multiple integrals, maxima and ' 
miMiiia, Mcond vwation; simqltaneous differential equations (general. compl6le. 
and singular solutions), partial differential equations of the first order; partial differ- 
ential equations of the second order, intention of partial differential equations of 
mathematical physics by means of infinite gerics, methods of Monge and Amp^^re. 

. In descriptive gemrtry and physics-, elaborate requiromenbs are 
also made. To this oral examination the candidate must bring his 
certificate to show he has passed the general examination, and a 
certificate to show that he has studied two years, further in the 
university or Polytechnikum. 

III. A year after the special examination, the candidate may pre- 
sent himself for his examination in pedagogy. This consists of a 
philosophic or pedagogic dksertation, and an oral examination jii 
history of philosophy, logic, psychology, pedagogy, history of ifhda- 
gogy, and special methods for teaching mathematics. The exam- 
mere have constantly in mind the candidate’s' qualificatjons with 
regard to teaching all cla.sscs of the secondary schools. T^ero is no 
such thing in Hui^y as a teacher’s being qualified to Veach only 
in the lower classes of the State secondary schools. We liavc seen 
. , that this is not unusual in Austria. " 

, * 'V 
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In pursuing the courses leading to these examinations brilliant 
students “may receive an annual stipend of 1,000 crowns (S200). 
The plan of study requires not less than 20 hours a week of lecture. 
In the first two years are: 

Bifltory of Hungarian literature (2 Kmcetere, 2 houns weekly); Hungarian language 
(1 fl., 2 h.); Hungarian culture (1 0., 1 h.). In the third and fourth years are: Logic 
(1 0., 2 h.); psychology (1 0.^ 2 h.); theoretical pedagogy (1 0., 2 h.); history of philoe* 
ophy (1 s., 2 h.); history of pedagogy (1 0., 2*h.). 

Lectures on subjects of the group maih^maiicB and phy$ic 9 ^ are dis- 
tributed as follows (all subjects run through the year): ^ 

First year: Geometry and analysis (9-12 hours); algebra and number theory (3 
hours); experimental physics (r^hours). 

Second year: Analysis, continued (3 hours); geometry, continued (2 hours); algebra 
or number theory (3 hours); exercises with reference, to the program of the secondary 
Khoola (2 hours); mechanics (6 hours); numerical exercises in physics (SPhours). 

Third year: Special lectures in mathematics (5 hours); mathematical exercises (2 
hmirs); scientific treatment of the subjects in the secondary schools (2 hours); theo: 
retical physics (4 hours); exercises in experimental physics (5 hours). 

Fourth year: Special lectures in mathematics (6 hours); mathematical exercises 
(2 hours); sciendfid treatment of the subjects in the secondary schools (2- hours); 
theoretic physics (4 hours); chemistry (2 hours). 

For tho group mathematics and descriptive geometry ^ tho scbediilo is. 
as follows: ^ * 

First year: Geometry and analysis (9-12 hours); algebra and number theory (3 
hours); deeweriptiye geometry (5-6 hours); constructive dra^^dng (7 hours). 

Second year: ContinuaUon of analysis (3 hours); continuation of geometry (2 hours); 
algebra and number theory (3 hours); exercises with reference to the program of the 
secondary schools (2houra); projective geometry (2 hours); special lectures on descrip- 
tive geometry (2 hours); review and questions of descriptive geometry (3 hoiirs). 

Third year: Special lectures in mathematics (5 hours); mathematical exercises (2 
hoiirsV; scientific treatment of secondary school mathematics (2 hoqrs); special lec- 
tures aiid exercises in descriptive geometry (4 hours). 

Fourth year: Special lectures in mathematics (5 hours); scientific treatment of 
»>condary school mathematics (2 hours); mathematical exercises (2 hours); special 
lectures and exercises in descriptive geometrj^ (4 hours). 

Ill Budapest the student may attend such courses in both tho uni- 
versity and the Polytechnikum. 

Tho.Baron Eotvos College in Budapest is an important institution — 

Uie object of which is to give deserving students of the Budapest University who 
inUuid to enter the tiiaching profession an opportunity for holding social intercourse 
with their fellows and for acquiring the theoretical and practical knowledge necessary 
to qualify them for their work. The college is directly Subordinate to the minister of 
public instruction, who delegates his authority to the curator. For expert guidance of 
the teddent students four tutors (chosen by the curator from among the teachers in 
the service of tho Slate) are appointed by the miiuster (for periods of three years in . 
rotation) for special duties. They are present in tiie college during the hours devoted 
to private study to give individual or combined instruction to the candidates, and, as 
occasion arises, to hold special courses of lectures. . » ' 


A • 










We have yet to coDsidor the institutions whore our future second- 
ary school professor, who has completed/ Ijis four years in the univer- 
sity, receives a year of professional training. > 

Under the direct control of the minister of education is a State 
Training College (founded in, 1895) for Secondary Teachers. It is 
established at Budapest, and its aim is to train university students 
for the profession of teaching. The students all live together in the 
training college, and continue their university^-stuclios simultane- 
ously with their pedagogic training. At the head of the fcollege is a 
curator, and under him aro four professors who are appointed by the 
minister. It is tho duty of those profcs^i> to toaoh the students the 
principles underlying education, and <to show-thom how they can bo 
applied. The students teach in a Gymnasium^ connected witli tho ’ 
training college for that purpose. .The methods adopted are Hor- 
bartian as worked out by Ziller and Stoy. At tho end of each school 
year the curator and professors formally confer together in^egard to 
tho students’ progress, and weed out tho unsatisfactory ones? Stu- . 
dents may not remain in the cpllogo longer than four years. 

There is also tho famous Pedagogic' Seminar alt Budapest, foumh'd 
in 1872 by.Dr. Kdrm&n.* This institution was modeled on Ziller’s 
"Seminar” at Leipzig. It has throe distinct aims: (1) To bo a gym- 
nasium; (2) to ho a practice school f<fr secondary teachers; (3) to ho 
an institution for promoting special methods of teaching in Hungarian 
secondary schools. • ' . , ° 

The students in tho Budapest Pedagogic Seminar ace young men 
who have spent eight years in a secondary sch 9 ol and four years in a 
univerei^y and have passed tho geperal and special examinations 
given by the examination commission. 


> They make a thorough study of the theory of Weial secondary 
school teaching in connection with practical experience' of tho same. 
Their philosophic and theoretic studios aro already c^ploted. Tho 
staff consists of loading professors of special subjects, a professor of 
•pedagogy, and a director. 

After each candidate announces the special subject ho wisUeeL to 
teach, ho is placed under tho direction of tho professor of that subj^-t. 
At first he is not himself permitted to teach: but ho must attend all 
tho lessons tho directing profos.sor gives to tho various classes; he 
must then work ouf series of lessons under the direction of -the pro- 
fessor; and after about three months ho ma/ begin to teach. »Tho 
profoMor is always present' at his lessons to offer him advice and 
criticism. / 

.Every week there is a ProWilrum or criticism lesson. In the early,' 

part of the yew thesh lessons are given by tte -professors, with tho 


■ vor a dMCrip^ ot tUa Semliur followtog articles on “Das Pldogoglsotae nnlTerslUts.Semlnsr 
Sludlm (Keue Folge herausneinben von W. Rein at Dresden) may bt con- 

be of inttfest to turn to M. KAkicIn BeitpUl tinet rqtiondUen LehrplatisfUr Oifmnatlmt Halle a 8.. im. 
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who^Seminar present. In the latter part of the year the candidates 
gidHI lessons,' and conferences are held two days after each lesson, 
in\3®Q #11 poirite raised by the Praktika are fully discussed. Twice 
a week a Theorctikum is held in which general principles end special 
methods of secondary school teaching are discussed. 

Toach(i^ of qjeondary schoola attain to full service after three years’ probationary 
service. At this stage they receive an annual salary of 2,000 crowns ($400) in the 
capital, and 1,000 crowns ($320) in the provinces. The teachers under full appoint* 
nient are divided into two classes. Salaries in the lower class begin at 2,600 crowns and 
rise by periodical increase, to 3,200 croitns^in the. higher classes the salaries increase 
by successive additions, frpm 3,600 to 4,400 crowns.' Directors receive from 4,800 to 
6,000 crowns. 

\ 

After 10 years’ service, according to the regulations of 1894, a 
teacher is entitled to a pension of 40 per cent of his salary, and^for 
. each year of further service the pension increases by 3 per cent, so 
tliat at the end of 30 years’ service the teacher may' retire on full 
salary. 

Teachers contribute to the pension fund one-third of the excess of 
a year’s salary above 690 crowns, and one-third of every increase in 
salary. These sums are paid only once. ^ 
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X. ITALY. 


Italy \s about 110,600 squhro miles iI^ extent, and its population 
of upward of 36,000,000 is in gpneral perfectly' homogeneous in 
language, except for about 250,000 people of French, Teulonic, 
Slavonic, Albanian, Greek, and Spanish origin. 

The educational system of the country is under the direction of a. 
minfetcr, \vho is a member of the cabinet and cither a deputy or a 
senator. ‘He is a.ssisted'and in some respects controlled by 1*110 con- 
■ siglio mperiore or higher councU which, in accord with degislatioH df 
1909, has 3p rhembers. These members consist of 6 senators elected 
by the Senate, 6 deputies (not university professors) elected *by the 
^Chamber of Deputies, 12 members n'ominated by the minister, and 
12^designaled by the ordinary and oxtraordinaCy university’ pro- 
fessora. Tlie consiglio, on request of the minister, prepares and 
examines aU bills and general provisions relating to the organization 
of schools, appointment of profossors,-etc. The power of control on 
the part of the consiglio is illustrated by the fact that the minister 
can neither dismiss nor suspend a professo^ without its consent. 

Three departments of the ministry of public instruction are cmi- 
cemed, respectively, with elementary and normal education,.secondary 
>• education^ and higher education. 


. , SECONDARY SCHOOLS. ^ 

The secondary-school training of Italy is based unon -four yearn’ 
preparation in the elementary schools (pupil’s age^ to 10 years). 
A[^rt from certain normal schools there are two brqad typos of 
secondary schools: (1) Classical school* and modern schools with V 
Latin ; (2) modem schools wthout Latm, and technical schools. ‘ Of 
the fmt type there is the fldVino^o, with a five years’ course leading 
up to the liceo, whose three years’ course prepares for entry into the 
imivfcrMtic^ ’The second typoNincludes the scuola tecniea and scuola 
eornplernm^e, each with a three years’ course. 'They are preparatory 
for such Softools ^ istituio tecnico, with a four years' course,' 
and the istifuto nautico^ with a course of three years. 


, — vue luuunriSJ secuon 01 tH6 ISUtQtO dl Berffomo lasts flv« vunn 

mdtheribtical iwtructlon In t.c>inicftl schools and lanitutos, seo O. iLegna^L 

' ?.'u. Tpp.‘ ^ 

^ X38 ■ 
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In 1912-13 the relative numbers of those schools for boys ond girls 
ayTTlHows : ^ . 

Oovemmont 

N ormal Rchools * ^44 

Ginnas! T .* 291 

Licei 

Technical schools 344 

Technical institutes 

Mercantile marine institutes. 


^44 

124 

291 

262 

162 

77 

344 

207 

79 

32 

20 

0 


No student is admitted to a sccondur}" school unless he has passed 
an examination called maiurUd., 

Tlie course of study in the classical ginnasio includes^ tha Italian 
language and literature, Latin,, Grook, French, mathematics, and a # 
little drawing and natural history^ In the corresponding liceo, 
philosophy, physics, and chemistry are taught- in additioji to all the * 
subjects («*xcept French') of the ginnasio. *In the ^‘modern” ginnasl 
and licei, established by an act of 1911, Greek is no longer taught 
instruction in Italian, Latin, Freiich, German, or English, geography 
and history, mathematics; natural histoy, ^rav^g, and physical 
culture is given at these ginnash Besides these the. course at the 
corresponding licei includes, in addition, political economy, phil- 
O'iophy, civics, physics, chemistry, astronomy, and- physical geog- 
raphy. In cities having a ginnasio and a liceo, the two schools are 
combined in a liceo-ginnasio. The * ‘modern” schools wdth Latin 
are being established in tBoso cities which have more than one liceo- 
ginnasio. The licenza ginnasiaUy or diploma, of a ginnasio repre- 
sents the standard of training for minor posts in the civil service 
and for the licei. The diploma licenza liceale, awarded after the sat- 
isfactory completion of the eight-year period of secondary education, 
admits to the universities. 


At this time the student who has taken the possible mathematical 
courses of the liceo has been taught— ^ 

In olgehTa: Equations of the first and second degree, progressions, theory of indices, 
theory of logarithms, binomial theorem, irrational numbers, priin^ numbers and • 
divisibility, indeterminate equations of the first degree. In geometry; Relations of 
positions, -equality of solids; proportion and similitude in plane geometry; measure- 
ment; theory and application to plane geometry; practical rules for the meiumre of 
curVed surfaces and of> solids; equivalence and similitude of solids; theory of the 
measure of curved Surfaces and of sedids; applications of algebra to geometry. "In 
Irxgonomel^, Through the solution of plane ^d spherif’al triangles. . ' * 

This work is covered by four hours a week of work in the first year, 
three hours in the second, and two in the third. 

From these indicaTibns we observe that in the lioeo-ginnasio 
mathematics do^ not occupy the central position, as in corresponding 
' *scho()ls of other countries such as France. 

I In the physico-mathematical. section of an istituto tecnico six , 
I hours a week are devoted to arithmetic, algebra, and geometry in 
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tho first jear; five hours to the same subjects in the second year; 
and five -hours in the third year to, algebra, geometry, plane and 
spherical trigonometry, and the elomcnts of doscriptivo geometry. 
-All of the mathematical subjects of tho iicco-ginnasio are hero treated 
much more fully. .The following topics are sometimes introduced: 
Geometry of the triangle, geometrography, derivatives and their 
applications to maxima and minima, equations of tho third and 
fourth degree, probabilities, determinants, tisfory of elementary 
mathematics. ' 

Thorough grounding in geometry ■ is characteristic of Italian 
secondary schools. It is only necc,ssnry to recall in this connection 
the works of Sannia and D’Ovidio, Kaifofer, Lazzeri and Bassani, and 
do Paolis. , • j ’ 

Having,thus gathered impressions as to subjects in which a teacher. 
,^of mathematics in loading secondary schools has to give instruction, 
let us nc.xt considen those schools where the mat)i6mutical teachers 
are trained. « 

THE UNIVERSITIES AND TRAINING OF SECONDARY SCHOOL TEACHERS. 


The term ‘‘university" is applied in Italy only to tlitvse schools 
of tho highest grade in which students are instructed in special 
branc^hes for the professions of their choice. Tlicro arc in Italy 21 
universities,' 17 bearing the description ‘royal" and receiving StiUo 
subsidies and 4 ftidependcnt of Government control. The free uni- 
versities are at Perugia, Ferrara, Urbino, and ('nmerino. Tiie 
oldest univoraity-^vos founded at Bologna abmit 1200 and thc'youngest 
at Palermo, in tho early nineteenth century. The other universities 
are at Padua, Macerata, Naples, Genoa, Pavia, Rome, Pisa, Sie«ia, 
Turin, Catania, Pama, Messina, Sassari, Cjbgliari, and Modena; The 
largest university is at Naples, where there were more than 4,000 
students in 191.3-14; in- point of size tho university at Homo, with 
over 3,000 students, ranks next. 

R«I»atod efforts have been inafto to reduce' tho mimbor of roval universilies. which 
exceed both the needs and tho rc?(wi;cc8 of the nation. Ae a consequence a few 
vfgqroufl univcrsitiea are foiifui in tlif> same class with a number of struggling inPti- 
^tiona that are quite unable to mainteio sUndarde and prostigo. The condition 
ha8 been the eubject rtf much disciwsion in the legifllature. but so far no modification 
hM reeultod. Meanwhile complaints have arisen that the standardii of sccondarv 
education are deproBsod as a consequence of the competition for BtudmtB on the part 
oftbeunwersities.’ . ' 


w univer^tlos. Though private they are more or less under the c^trbj of the Governmont. Probablv 
that rounded at Florence in the fourteenth «2ntury. An^imt o71th^ 
Reale Istituto TecnieoSuperloreat Ullanls jriven by V Bhvder 

• Rep. Commis. of Educ., lOtVU. Washington, vol. I, pp. 7j>7-758. 
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The faculty of sciences in the university has sl section of mathe- 
matics in which the object is twofold : (1 ) To give to future engineers 
the preparation which will fit them for me Scuole di-Applicazione 
(schools of applications); (2) to prepare candidates for the degree of 
doctor in mathematics.' This degree is a prerequisite for teachers of 
mathematics in secondary schools. - , 

Preparation for the degree requires four years of study,, (he first 
two leading to the licenza. The coiu'ses followed during this period 
are in ph^’sics, inorganic and organic chemistry, algebraic analysis, 
inlinitesimal analysis, analytic geometry, projective ' geometry, 
descriptive geometry, and drawring. ^ , 

The luenziati dcU\univer»ita (hen attend lectures at a school Tor 
preparation of secondary srhool teachers (scuola di magistero) and 
follow courses at the university in five orsi.v of the following subjects: 
Higher analyst*, higher geometry, higher mechanics, theoreti^l 
geodesy, astronomy, mathematical physics. The scuole di magistero * * 
are connected with the faculties of sciences, and in them one or tw^o 
professors give lectiucs on methods of teaching, etc. The diploma di 
magistero obtained from these scuole is a. distinct advantage to its 
.holder when ho is seeking a position in secondary teaching. 

At the end of a year the licenzialo generafiy offers himself for 
examination in at least three of his five courses; his second year is 
largely occupied with his dissertation and the- preparation of his 
minor theses. The- final e.xamination, which is orak is heW before a 
commissjon of 1 1, consisting of 7 processors of the faculty and 4 privati 
doco|jti. If the examiners award the candidate a mark of not loss 
than 60 per cent, he is proclaimed doitore in matemaUche pur4 by 
the dean of the faculty. , , 

It very often happens (hat candidates add to the required four, 
years ofv^ study a fifth, for (he preparation of the dis'sertation and 
for aHendanre at special courses such as those of the R. Scuola 
Normalo Superiore of Pisa and of the '‘Istituto consorzialo*’ of 
Pavia, or of the recently established mathematical seminafios of tho 
faculties of science at Rome and Naples. 

While the- annual number of mathematical dottori in Italian uni- 
versities has not appreciably increased "in tho last 30 years, the 
number of secondary-schools has greatly augmented, and tho problem 
of procuring properly qualified teachers has been a very difTicult ono 
to d^al w’ith. Furthermore, the problem is not altogether one of 
numbers. It is strongly felt by many that while the larger universi- 
ties furnish an admirable scientific training, far too little attention 
has been paid to the professional and practical training: 


The firet apppfbtment of a teacher secondary school is for three years, after 
which the appe^tment may be made permanent if the inspector's report is favorable; 


pp(^t 


doctw’s (l«)crsi/la reqqirsd for admission not only to the profosslons (physician, lawyer, te^er In 
i^ndary sobool, etc.), but also to the highest ^ade clerkships In the Oovemment serrloe In all branches. 
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if qot, tho appointment is Extended for another year, when tho U^acher is definite!? 
ap^inted or dismiasi'd. During this proltationary period tW teacher (pn/fnitort) i» 
^Iled extraordinary (s/morr/irumo); afUT the definite appointment. or^Jinarv (or. 
dmono)* * As a rule a tether is appointed for asingle study or for two related tfuhjerts. 

Teachors in the. first tliroe classes of tlie pnnasio recoi^ij us saJan' 
about $347 (1,800 lire)* a year (if exUaordinary) and from $3SG ti, 
$926 (2,000 to 4,800 lire) if ordinary. In the cuso of the Icai bers in 
the lirei and in the fourth and lifth* classes of the pnnasi.tlM*se sal- 
arics are imTeased to $414 if extraordinary and $482 to $ 1,042 ( 2,500 
to 5,400 lire) if ordinary.* * 

All ordinary teachers receive four quincjucnnial increases in siitarv 
of 500 lire each. An increase of one-tenth of this salary is made at 
the end of two six-year periods. “In this tflTy they pa.ss from the 
minimum to‘the maximum salaries as given above. Two of llu‘fmir 
fixed increases, but not two cousectitive ones, may be anlicipateii'one 
year in the case of exceptionally able teacliei^. *’ 

Headmasters in schools ore appointed from teachers who have 
taught for thirteen years, andfitinn-a list compiled bv the consiglio 
^,>^uperiorc — ‘ . 

^ in accordance wi^ re«ultf« oj in^jxH'tionii. They arc appiuntcd for a fii^i pori.^1 of 
five years, during which they teach and nH'civo e'xtra ci.nijX'nHjcrivn varyin- fn>m 
750 to 1,000 lire a year. After the probationary fH'ri<Hl thev arc pi rmanentlv apiMinicNi 
and nvoive xalaric^ not highorjhan 5.7.^iO lire for :.uch 8< luxd.s ax ginnx^i arid l.rc 
for flchoola of die licei standard. Schools ccjuivaleiu to Ctovcrnniont xchooliT must 
pay the same aalarie^. ^ 

Tlio teacher U entitled to i^|>cnsion proportiontiJ to his siilnry nml 
the length of liis service. \ pension equid to the full salary at the 
time of retiroinent is due to the teacher who has served continuously 
for 25’ years or more. In ckse of his death two-tliir.ls of the pension 
awarded to the husband or father is i)aid to the widow or to tJie 
chihlren if orplmiis. 

NORMAL SCHOOLS. 


• The nornnil schools f&^m a third tyf>o of school -in secondary edu- 
cation. AH that has hceir.stated above with reference to the apixuat- 
inent, salaries, and pensions of licei teachers applies to teachers in the 
normal schools. Their courses are ditagncnl to tpialify teachers for 
the primary schools. 

i.: ^ 


In »rt^n nfcrs wli»n « ifochM would h»v» only,* low hours • wrok * trmportU’r appoinlmcnl l« nia.1*. 
Surh *ppointaenls *rr »lso made if a regular appointee nui not be lomid fw tho plaee, and in school. « ith 
a Imp number oC puyll.'. when It is neoassory to diside daises and the regular teadier cairnot take rlurge 

* The lira equab 19 J cents. * 

J A Compaq ot these salaries with (hoM ol onlyersity professors may be of intaLt. in. aroordanm 
.a . . li. ** ““ <>' 8««l* unlversllles b flxed at [000 liie minimum: 

thpvol Uie aztmoc^y professor at e.S00 lire. The Ufttzj of tbe'ordinary profatjl may b» iiieraaJ 
i^xlmnm of 10,010 lira Is reached through quinquennial Oicmses ol 7J0 lira eaehl The saia^l^to 
extrsordln^^ sp^ professor has a one-tenth quinquennial Increase, but must nevei exwed the Initial 
aalary ilam ordinary professor. 

V . • • • , , . 



A li»'onzinto of i\ s<Mio!a tocnicu is preparoiJ to ontor a srunia n<»rnial« 
with its ( ourso of throe yours. To studonU with tho lioeitzn giimasiale 
niony ofjor a two^yoar inaj^istrnlo. 

'I'ho plan of studios for a scuoltj nornialo iuohulos potJapogy, ethic's, 
Italian, history^ geography, the elements of mathematics,' accounting, 
physics, chemistry, natural history, and hygiene.V^awing. penmiui- 
-hip, singing, agri»hilture, gymnastics, prac tice in elTnientary schcuds, 
and mamial tHaining. 

In Kngland and tho rnilcnl States it is important that a teacher 
j'lnnild he able to maintain discipline in the chussroom. lint in Italy 
nnitters are ordered diiTerently. 

in tb**ircarly aim tof*lia|)o muniripa) |>olirii‘a; tl»oyRc*t uptfonion- 
«iT;Hiom« ainj ii)<lignaiH)!i and on scrikes whm thinr iiit«tn‘K'tor8 tail to 

i thoniwdvos U't tlirir liking. 

In the university — 

thvro un» unannounicyJAioliday^. At {HTiotls of political oxcitoniont the? atudenta 
‘ hayo n pa,t riot ir custom of man iring oVj the profcjcsors for np^vchoi*. Should the doors 
1 m» liH'ktxi thoy will applaud cnthusiat^tically thoriHm with hands and fc'ot. As Ihc're 

no dia^'ipliiio to deal willillhe^e ca.<»e:«, and it i« noi.<‘tiquotU! to introduce the polieo, 
Oif atithorilieR frcM^uently adopt l|i<* pnalout <ogr>e id cK'ising the university until 
arrive.s that the ^itadiuit.'i ap* n‘a»ly In nsurh to ordinary aiaileinic ways. 
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XI. JAPAN. 


TIio nroa of Japan proper is loss than 150,000 square miles, and its 
total population is about 56,000,000. y 


,^0no of the most prominent features of its educational eystom is the 
allittost. absolute centralization of authority. Educational affairs 
arey^dministerod by a department of education, at the head of which 
is the minister of education, who is a member of the imperial cabinet 
and is directly or^ indirectly in charge of everything pertaining 
to education. Ho is assisted by a vied minister, several directors of- 
bureaus, and a number of councilors and secretaries. TTie depart- 
ment of education was first definitely established in 1871, and in the 
following year there was issued a code which stipillated that the wlmlo 
country should be divided into 8 Urge educational districts, each 
a nnivorsity. Each of those districts was .to.be sulrdividod int 
intermedUte educattonal distnets, each with a secondary school, every 
one of which was in turn to bo further subdividojl into 210 small e,lu- 
cational districts, each with an elementary sc^. This plan,'wlii( h 
bo^ striking re.somblance to the French scheme, 'was found* too am- 
bitious to chrry out in ifcs ontiroty. Elementary schools w<>po indeed 
^tablished largely as plamled. Tlie standard for socorida^ schools 
is still unsettled although, since the promulgation of the code, reforms 
in secondary education have been of a swooping character. As 
recently m April, 1912, certain now reforms went iijto effect. Of 
these 1 will take no account in what follows. As to tljo universitus, 
not, more than one of the fqur in existence is 20 years old,.sb that this 


the .educated cl^. A one-year supplementary course is sometimes 
offered. Pupils bopn in the middle school at the ago of 12 years. 
Next in order to the middle schools comes tho 'higher middls school, 
whoso course extends over throe years. Much of the discilssion as to 
OTcondary education is centered upon the ^Jvostion whether this school, 
intormodiato between tho middle. school and the university, is to be 
affiliated with the former or with the latlibr. On the whole the ten- 
.dlency seen^ to be in the direction of giving, ^toater prominence to tW 



code. 


branch of tho odueational system falls far sliort of tho'fdoaUof tho 


, s I 

Immodiately aboWtJie elementary course of si* years is tho 

course of five ye^rs, **Bocially obligatory’’ for membership iu. 


higher general educatioi 
is preparation for the di 



the aim of the higher middle school 
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four iijiperial universities at present, namely, those at Tokyo, at 
Kyoto (the ancient capital), 'at Kiushiu (the southern island),. and at 
Tohoku ^northeastern ”). The normal agtf'of a student prepared to* 
oh ter a university is about 20 or 21. In the higher middle school he 
has cohered the work of about the first two years in an American . 
college of' the better class. ' ' • 

Baron Kikuchi writes: , ^ • 

. In all cases graduation from one school is a qualification for entrance 4nto the next 
hichor stage, but in recent years the demand for higher education has increased at 
such a rate that, notwithstanding the very great and rapid expansion of ed.ucational 
jfisources, a competitive examination for admission has to be held at almost every 
-^•^age.the number of candidates for admission being from twice or three times to oven 
in some cases as large as 10 times the number of those that ^n be admitted ^ 

Tills is particidarly true of tho higher middle schoob(^of whicl\ there 
are only eight. . Tlie students who arrive at the university are thus 
likely to be tho dlite of the youthfulfintellectuals. 

T^ie only branch of mathematics taught in the elementary schools 
B arithmetic. There is much practice in sorohan cnlculatiohs.‘ 

In the middle schools: Arithmetic'^conclusion); algebra throi^h 
such subjects as ratio and proportion, progressions, permutations and 
combinations, binominal theorem with positive index; logarithms; 
elements of plane and solid synthetic geometry, os in Baron Kikutshi's 
book which is based upon the syllahirof the Association for^e Im- 
provement of (joomotrical Teaching ; plane trigonomot^, through 
tho solution of triangle. 

The competitive examination for entrance into the higher middle 
schools is excessively severe and of a nature that is faf from winning 
general approval. Tne examinees are picked boys from over 300 
middle schools scattered all over the country. Among them, are - 
those who hai^K^iUled one, two,, throe, or even more times. The 
percentage of wh6 succeed on fiist trial is small. 

In the higher middle schools there are three section^; the first is for 
thosilSrho wish to enter tho faculty of law or literature in the uni- 
versity; the second for tlfoso who wish to enter the faculty of science, 
technology, or agriculture, or a certain part of the faculty of medicine; 
the subjects in the third section are relimon, the Japanese language, 
foreign languages (German and either^nglish or French), Latin, . 
mathematics, physios, chemistry, zoology, botany, and gymnastics. 
,The chief mathematical training is given in the secoi\d section. The 
subjects of study include trigonometry, algebray analytic geometryi 
and calculus. * 

In Todhunter's Trigonometry for the uee pf ; 

Colleges and Schools’ - is use^^ a textbook. 

>btn4s A variety of abaonx 
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In dtge^, besides R. Fujisawa’s “Sequd to Elementary Algebra” 
(written in Japanese), Todhunter’s “Algebra tor the Use of Schoob 
and Colleges” and C. Smith’s ‘“Treatise on Algebra” are used as texts. 
Some of Ae topics discussed are : Inequalities ; theory of determinants; 
theoiy ^probability Ihoory of numbers; continued fractions; inde-' 
derminate e’quAtions; convorgency and divergency ot infinite series;, 
symmetric, functions of roots; ci(fe and biquadratic equations^ ' 
methods of elimination. ] 

In amlytic ffeo^tn/, hosidos Kikuchi’s." Plano lind Solid Analytic 
Geometry,” Puckle’s "Conic Sections and Algebraic Geometry” 
and N. S. Aldis’s “Treatise on Solid Geometry” are used as texts. - 

In differential and inte^al calculus the textbooks used are those of 
Todhunter and Williamson. The chief books of reference in current 
use, though not necessarily confined to higher middle schools, are the 
calculus treatises by Kieporti Czubor, J. A. Sdrrot, Byerly, Lamb, 
Groenhill, as well as AppelTs “Element d’ Analyse . Math^matique”’ 
and J. W. Mollor’s “Higher Mathematics for Students of Chemistry 
and Physics.” 

THE UNIVERSITIES. 

The higher middle schoob are preparatory institutions for the 
imperial, universities, where the greater part of the students enter ti e 
college of engineering. The first article of the imperial ordinance for 
the founding of imperia.1 universities reads: “Imperial universities sha'l 
have for their objects the teaching of such arts and sciences as are 
required for the purpose of the State, and the prosecution of original 
research in such arts and sciences.” TJe second article of the same 
.ordinance runs. Each imperial univei^ty shall consbt of a univor* 
Sity hall and faculties, the university hall being established f6r the* 
pu^e of original research, and the faculties for instruction theo- 
retical and practical.” At present only three of the universities have 
faculties of science. 'The length of a course b either three or four 
years. At the end of every year there b a thorough examination. 

A graduate b entjUed to call himself or “gradliate of a 

university faculty.” 

Owing to the insufficiency of schoob, boys are often required to pass 
competitive examinations in going from an elementary to a middle 
school as well as from a middle to a higher middle school. Moreover, 
as b only natural, some of .them i^ay not be able to' finbh a school 
course in the prescribed number of years. ’Thus it happens, not 
infrequently,, that' a student reaches the age of 30 or thereabout 
by the tune he has finbhCd hb .university course. . 

^e newer universities are modeled upon the University of Tokyo, 
which b far mbre completely organized. At thb univereity the fol- 
lowing, mathematical courses are offered ini the faculty of science: 


JAPAN. 


147 


nR8t YEAR. 


otf^ 


Differential and inteojal calculus, four hours a week throtfgh the three terms of the 
year. This jncludes discussion of: Volume and area of surfaces; moments of inertia; 
integration of ordinary differential equations of the fffst mi higher orders and their 
applications; linear and simultaneous differential equations; calculus of variations. 

Solid analytical geometry, four hours for yne term. Lines; plants; surfaces of the 
second degree; elements of the general theory of surfaces. 

Projective geometry, two hours a wegjjjn second and third terms. Synthetic and 
analytic discussion of projective forms oflhe first orderj^curves of the second degree 
af#second class. 

Select chapters in elementary mathematics, three hours a week in second and 
ythird terms. Elementary algebra; domain of rationality and divisibility of integers, 
'^of rational integral functions of one variable and of many variables; algebraic solutions 
of the general equations of the first, the second, the third, and the fourth degrees. 
Sturh^ theorem, etc. • * 

Astronomy and least squares, three hours a week through the year. Some of the 
topics are: Spherical trigonometry; fixed stars: sun; calendar; planets: moon; eclipses; 
rotation of planets; precessipii and nutation; theory . of probabilities; law of errors; 
method, of least squares. ' 

General physics, three hours a week through the year. 

SECOND YEAR. 

General theory of functions and theory of elliptic functions, three hours a week 
through the year. 

Differential and integrar calculus and differential equations, two hours a week 
through the year. Topics here discussed are: I'ourier’s scries and integrals; Legen- 
dre’s and Bessel's functions and hypcrgeometric seri^; .tdtal and partial differential 
equations, etc. ' ; 

Theory of. numbers and algebra, five hours a week through the year. 

Higher geometry, three hours a week through the year. Differential, noneuclidean, 
or descriptive. 

General dynamics, three hours a week through the year. 

THIRD YEAR. 

The titles of the courses in this year are practically the same as those in the second ; 
the student is lead on to deal with advanced 'topics. 

Other courses in astronomy and theoretical physics are also given, 
but further details are not germane to our subject. 

PREPARATION OF MIDDLE SCHOOL TEACHERS. 

To become a regular teacher in a middle school it is necessary to 
have a license granted by the minister of education. This is ^ven 
(1) without examination to graduates of-x Government schools and 
institutes especially established for training teachers and to others spe- 
cified later, and (2) after examinations toetill others. The examina- 
tions are conducted at least' once a. year by an examining board 
appointed from among the prof^^rs of the imperiai«univei^iti6s,.of 
higher homal schools, of higher te^ical schools, and of similar iiisti- . 
tutions. The examinations for teachm’ licenses in mathematics are of 
four grades: The ^t consisting ipf arithmetic, algebra, and geometry; 
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the second of trigonometry; vhe third of analytic geometry; and tiie 
fourth of . differential and iijtegral ^5alculu3.‘ The examinations are 
hold separately for each grade, and at the same time there is a test 
. as to sufficient knowledge of the outlines of pedagogy and of pedagogic 
methods. Teachers of mathematics ini the middle schools are not 
regarded as fully equipped for their work unless they have been success- 
ful in passing the examination for all four gradbs. The ipajority, how- 
ever, simply have- licenses in the first grade. • Graduates of the regular 
and special courses in. mathematics in ^the higher normal schools, as 
weU as certain others, are regarded as having successfully passed the 
examinations in all four grades and are entitled to licenses in 
them all, • 

HIGHER NORMAL SCHOOLS. 

The 'schools specially established for the training of teachers con- 
sist^of higher normal schools, of which there are two at present, one’ 

• at Tokyo and fhe other at Hiroshima. The single temporary institute 
engaged in training teachers in mathematics is located at Sendai. 

Each of the higher normal schools has a four years' course, one 
year proparatory, and throe years’ regular course. The preparatory 
course is common to all students, Tho regular course, in which only 
special subjects are taught, is divided into five departmentA, that 
having special interest for us being called tho ‘ 'Department of mathe- 
matics, physics, and chemistry.” This ui its turn is diviilo'd into two 
minor divisions, one for students of mathematics and physios, and 
tho other for students of physics and chemistry; 

Siudents entoripg tho proparatory course of the higher normal 
schools are mostly graduates of middle schools or of normal schools, 
or are students recognized to have scholarship equal to that of the 
graduates of either of these schools. In tho Tokyo Higher Normal 
School, out of applicants from all parts of the Empire only tho^ 
are admitted who have tho highq§^ grade in tho entrance examina- 
tion. At present, in tho department of mathematics, physics, and 
chemistry, about 50 are admitted as pieparatory stu<lents qut of 
thiw or four hundred applicants. In Hiroshima the method of 
selection is different, but the number in -this department ia less than 
at Tokyo, 

In both schools students enter at tho average age of 21 ; so that the 
average age of gHaduatm is 26. . 

The students in the proparatory course of tho Tokyo Higher Nor- 
mal School are required to take 30 hours’ classroom work a week, of 
whidh. 4 hours are devoted to matbematics-’^making a total of'lOO 
■* hours for the year. Of these, 20. to 25 hours' are given to u-ithmetic, * 
40 to '45 liours to alg^ra, some 60 hours £b geometry, and about 
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30 hours to plane trigonometry. The work is based upon that of the 
'middle school rather .than that of the normal school, which is fuller 
and more advanced. Nearly the same instruction is given in the 
^ preparatory course at Hiroshima. 

In the Tokyo Higher Normal School the first-year students of* the 
department of mathematics, physics, and chemistry are required to 
•^take a total of 26 hours of classroom work a w^eek throughout the 
year, in addition to hours for laboratory experiments in physics and 
chemistry. Of the 26 hours, 2 are devoted to algebra, 2 to trigo-. 
nometry, and 2 to geometry. The topics taken up are: * 

Jn algebra — Inequalities; theory of quadratic equations; maxima and minima; equa- 
tions of higher degree; simultaneous quadratics; ratio, proportion, and variation; 
scries; pregrossions; permutations and combinations; binomial and multinomial the- 
orems; Mmiting values; exponential theort^; logarithmic series;, determinants. 

in ^<omsfn/-:-Foundations of geometry; definitions and axioms; noneuclide^ geom- 
. etry; demonstrations of theorems; maxima and minima; geometric loci; problems 
of geometric constructions; geometry of the triangle; modern geometry; l^tory-of 
elementary geometry. ' ' 

In trigonometry^ldeniSiiea; relfvMons between the sides and angles of a triangle , 
and a quadrilateral; measurements of heights and distances;' inverse trigonometric 
functions; trigonometric equations; trigonometric ii^equalitios; maxima and mininia} 
trigonometric solution of algebraic equations; use of tables of trigonometric fuiictiond, 
ami tables of logarithms; construction of these tables; rules of proportional parts. 

The courses in algebra and trigonometry are required for all stu- 
dents in this department, but students specializing in physics and 
cliomistry may substitute for the course in geometry described above 
• a course in cartesian geometry. 

The sccoful and third year students are divided into two sections, 
the one consisting of those who take mathematics^ and physics as 
their specialties and the other of those who take pliysici\ and chem- 
istry. The students of both sections have 23, hours of ^classroom, 
work per week in all subjects. To students of the first section exper- 
iments in physics and exercises in mathematics are assigned outside 
of these hours. In the second year, 6 of the 23 hours ar^eVoted ta 
higher algebra, modern geometry, and ant^lytic geometry. In addi- . 
tion 4 hours a week are allotted 'to mathematical exercises or to leq- 
tures on mathematical subjects. 

Iligher algebra^ two hours a week. . Some of the eubjecta treated are: Infinite prod- 
ucta; continued fractions; indetOTminate equations;, propertioe of rational integral 
. functions; algebraic equations; symmetric functions of roots of equations and their. 

.. applications; solutions of numerical equafions; elementary theory of numbers; divis- 
ibility; congruences. 

Analytic geometry ^ four hours. Some of the topics are: Straight lines; circles; parr-' * 
abolas; ellipses; hyperbolas; general equation of the Mcond- degree; ^tema of 
. comes; homotbeiic and similar conics; coordinates in space; .lines and planes; sur- 
faces of the second degree. * 
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Of the four hours for mathematical exercises two are devoted to 
supplementing the above-rmentioned course of algebra, with assigm^d 
exercises in algebra. Tile remaining two hours are devoted to lec- 
tures, some subjects of which are as foUows : 

Complex pumbere; De Moivre’s Theorem; roots of a ^umben; binomial equations, 
relatiops of aurds; trigonometric factorizations; powere complex number the 
exponent of which is a complex number; logaritliro of a complex number; expaii- 
fflons in trigonometric series; demonstrations of theorems and solutions of problems 
in Euclidean space; problems impossible of geometric construction — trisection of an 
angle, duplication of the cube, quadrature of llie circle; transcendence of e and t; 
constructible regular polygons. • ■ 

In the third 3’onr the,fditdents are engaged in pructioal teaching 
during the whole of the last term. Durin^g (he first two terms 
hours ^ W'eek are devoted to lectures, of which'lO hours are in matlic- 
ma tics, as follows: 

Differential and inte^al calndus, six hours. Some of the topics are: Higher differ- 
ential coefficients an^iffercntialH; curvature of plane curves; evolutes and invo- 
lutes; -functions of two variables, partial differentials; total differentials; .Mirfaces and 
osculating paraboloids; indicairix; principal curvatures; pirves in space; tangent, 

' normal, binomial, principal normal,. rectif>'ing line and cone, curvatures and spher- 
ical cur\'atures; Gregory’s series, evaluation of ir; existence theorem of integral cal- 
culus; differentiation and integration under the integral sign; quadrature of areas; 
center of grarity; moments of inertia; Ugrange’s interpolation foi^mUe; mechanical 
quadrature; noAequidistant ordinates of Gauss; Eulerian inR^als, Stirlings forimi- 
1»; linear differential equations with constant coefficiept^ characteristic equations; 
particular and general solutions; differential equations of the first order, singular 
solutions; existence proof according to Lipsohitz; uniqueness of solutions; linear 
equations of the second order; Fourier’s functions, trigonometric series; equations of 
potential functions, of small vibrations, and of heat diffusion. 

Two hours a week are given to discussion of additional work in Analytic geometry: 
General theory of curves; construction of curves in rectangular and polar coordinates; i 
singular points; lirnayon, epicycloid; spiral of Archimedes; logarithmic spiral; stren 
«phoid; etc, * 

The remaining two hours are allotted to problems in calculus and dynamics; Veloci- 
ties- and accelerations; straight motions; circular motions; parabolic motions; ellip- 
tic motions; constrained motions; elements of rigid dynamic's and hydrodynamics. 

■ The mathematical requirements in the Hiroshima Higher Normal 
School are very similar to those in the Tokyo school. The aim in< 
teachitig mathematics in both of those schools is to develop in the 
student a weU-disciphned logical faculty, to lead him to acquire a 
practical knowledge, and to heighten his aesthetic sense of scientific 
beauty. • 

.^ong the ^aduatos of the higher normal schools there are a very 
■limited number who, instead of immediately engaging in teaching, take 
tike graduate’ couree. This course, still looking toward the teaching 
of mathematics, in middle schools, presdribes theories of mathematics,, 
considerably in advance' of those discussed in the regular course. 
The aim is to strengthen the student’s grasp x>n the fundamentals of 
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mathematics prescribed by the curriculum of middle schools. Ail 
account of the condition of mathematical instruction throughout 
the world is generally given. The theory of numbers, higher algebra, 
theory of curves and surfaces, hydrodynamics, etc., are sometimes 
offered. The timfe allotted is from 6 to 12 hours per week. 

Very few of the graduates of the higher normal schools enter the 
imperial universities for further study. ^ 

The mathematical requirements in the Sendai Institute are almost* 
identical with those in the higher normal schools. • 


Besides the three institutions mentioned above whose graduates 
are given teacher’s licenses, there is a privajp school in Tokyo, called 
the Tokyo Butsuri Gakko (Physics School at Tokyo), most of whose 
graduates go out to ieach in the middle schools. The graduates of 
this school, however, are required, in order to obtain teachersWi^nses, 
to pass the examination conducted every year by the edu^ional 
depaftmont. Similar conditiohs obtaiii in coimection with the 
recently established Waseda University, a private institution which 
has established a higher normal course containing a branch for 
training teachers of mathematics. . 

Teachers’ licenses in mathematics are also given without examina- 
tion to the follo\ving: - 

h Graduates of the Schools named below or of their special courses, 
havijig the approval of the minister of education: (a) Mathematical 
course, astronomical course, theoretical physics course, Experimental 
physics course of the Science College, Tokyo Imperial University; 
(6) mathematical cour^, physics course, of the Science and Engineer- 
ing College, Kyoto Imperial University; (c) mathematical course, 
physics cou^e of the Science College, Tohoku Imperial University. 

2. Graduates of a nbnnal or a middle school who have studied 
three or jnore years at any of the schools recognized by the minister 
of education as qualifying students for teachers’ positions. 

3. Graduates of a normal or a middle school who have studied 
ahfroad at a university or at a school of similar grade and have degrees 
or diplomas from such schools. 

4. Graduates of schools abroad similar in grade* to a normal or • 

middle school in Japan, who have studied at a university or at a 
school of similar grade abroad and have degrees or d^lomas from such 
schools. * 

5. Persons who have teachers’ licenses for schools equal in grade 
to, or higher than, the one in which they wish to teach. 

Teachers with a license have the title Kycyu; othe^ise, howcfver> 
learned or proficient they may be, they are known as jSyoyu Koleoroe 
^temporary or substitute Kyoyu^ assistant Kyoyu, or assistant 
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Kyoyu Kokoroe. ' Those license are panted either to those who pass 
the examination or to those who are considered able to pass it. The 
supply of teachers in mathematics is entirely inadequate to meet the 
demand-. It has also boon felt by .some that the lack of goiufal 
^education on the part of the teachers is a serious defect in the trainin<j, 
however admirable may l)e the exteiwivo special knowledge which 
the teacher has in the subject in which he nistniots. 

I find no information ui the reports with u>forcnco lo the prepara- 
tion of teacher^ for the higher middle schools of Japaji, Prof, Hayaslii, 
of the Tohoku Imp>erial University, has, however, very. courteously 
supplied me wuth the foUowmg facts: In the eight higln^r middle 
schools during 1915-16 there were 256 pn>fcssors, ami 27 assistant 
professors, and about 70 lecturers. Among these instructors wore 
27 piatheihatical tcfichcra, ahnost all of whom were gahushi. But 
some of them were not gakushi, and oidy one was a hakushi (doctor) 
as well as a gakushi. There are no special regulations with regard to 
the trainiiig of teachers of mathematics for higher middle schools. 

Although competition is keen for the various teach big positions, 
there is littlo monetary inducement to take up teaching as a jm)- 
f^^sion. As Baron Kikuclii writes: 

The salarice of toochoM, from the university profcaacaa to primory-scliool tearliors. 
are very inadef|uale: this, no doubt, is one of the reiusona why the supply of teachers i.^ 
not sufficient to meet tlie (Remand. More than lialf of^tlic 140,000 primary-school 
teachers have salaries rahgin^r between 15 and 24 yen ($7.50 to $12)^ month, winch 
even allowing for the low rate of livingdn Japan is very inadeqaato; the highest sabiry 
for a university professor is about 4'OOD yen ($2,000). All leacbera in (lovernmcnl or 
public schools and colleges are entitled to a Jlphsion e<|ual to one.fourrtMhc amount of 
their salary at the time of retinmient if they retire after 15 years of service, and to an 
additional one twu-hundred-and-fortietli of tlie amount of their salary for every year 
exceeding 15.' ^ . 
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XII. THE NETHERLANDS. 


The Kingdom of the Netherlands has an area of about 12,600 
square miles, and its population at the end of 1914 was about 
6,340,000-. 

Every grade of education in the Netherlands is under the control 
and supervision of the State, the work of , administration being. 
haiulledl>y *a special department .undcjr the mii\istry for the interior.../ 
So-called secondary schools (burgher schools, higher burgher schools, 
agricultural schools, and industrial, trade, tu\d technical schools) 
were established by a law of 1863. This law requires that. every 
coiiunune with a population of 10,000 provide a burgher school. 

All of these are now organized os evening schools, and they, as well * 
as the’ higher Burgher schools (Hoogere ^Burger Scholen), are mainly 
intended for those engaged in industrial or agricultural pursuits. 

The higher burgher schools arc divided into two classes, t hose with 
a throe-year coui'se and those (about two-thirds of the whole num- 
ber) with a five-year .course. Pupils commence this five-year course 
at the age of or 13 ycai's, after having had si.\ ymrs of training in 
the* primary schools.* 'Flic instruction in mathcmWics (which in- 
- eludes arithraetioTivlgobra, plane geometry, solid gcojjiotry, elements 
of plane trigonometry, descriptive geometry, geometric drawuig, 
mechanics, and cosmography) occupies about one-quarter of the 
30 to 32 recitation periods (50 minutes each) per week. Algebra is 
taught in Classes I-IV ; geometry in Classes'lI^V. In algebra such • 
topics as theory of indices, dogarithnis, progressions, compound 
uiterest, and equations of the first and .liighe|^degree in one or several 
unknowns are taken up. 

The diploma of a higher burgher school entitles the pupil to go to « 
the polytechnic school at Delft or to one ’of the univen»ities to study 
medicine or natural science.* The examination for the diploma is^ ‘ 
decidedly severe. within a period of nine days the pupils, have to 
write 42 hours in he exjunination room: Algebra (3 hours), Di^ch ' 
(3 hours), geometry (3 hours), French (3 hours), nature study (4 
hours), bookkeeping (2 hours)^ trigonometry (3 hours), free-hemd 
*^rawrag (6 hours), mechanics (3 hours). This is followed by an 
oral examuiation, which includes certain subjects not mentioned; in 

: — ^ -t: ^ , / I 

> All pupils on|sring Um hlgberburghtr schools and tba ^mhaBla, to which 1 shall pr^otly nfer; mosl * , 
pass an ontranoe examination. Usually about 25 per cent of those who tiy the examination tsU ' 

•^For other departments of the unive^ti^, oxaiu^^Uods in Ureek aud Latin must be passed. ^ 
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the above list. The examination is held at some conveni^t center, 
- before a committee appointed by the provincial authofitios. In 
some cases two or three Provinces are combined, for this purpose. 
The examination lasts for th^ days, not more than three hours a 
day. ‘ I \ , 

Higher education, as defined by the law of 1S76, is that given in 
the gymnasia (public and ]\fivate), at the athenamiin — later the coin- 
. munal universityT-at Amstenlam, and at tim State universities. 
The-pupils entering the gymnasium and higher burgher school are 
of the same age, and tluLCourses of these schools are to a great extinit 
parallel, although the duration of the course in the gvnina^unAs 
six instead of five years.' It is, accordingly, somewhat lemarkahle 
to find gymni^ia classed with institutions of higher eilucation. 
This classification of gymnasia is found only in the Netlierlamls. 
Every town \vith a population of -.’O^ooo (and thcix; are at least ;«) 
such in the Nethorlands) must provide a gymiiasium unless specially 
relieved froni the obligation. Tlie affairs - of each gymnasium are 
administered Ify a college of curators nominated by- the municipal 
coupcil. , This CTiuncil alsiuapiioints the teachers, upon the: recom- 
mendation of the curators and the advice of the insimetor, dismiss«>8 
them when necessary, and fixes the rate of tlkiir salaries, subject to 
the approval of the iniiiister of tlie interior. _ ♦ 

The gymnasia prepare students to. enter directly the various 
departments of the universities. During the first four years of the 
course this preparation is tln^ siuno, but in both the fifth and the 
sixth year them aro^. along with hours common to all, certiiiji' hours 
for(o) the“humanisl” alone, and (ft) the “realist” alone. The com- 
mon niathci^iatical program in the fifth and sixth years for (a) and 
(ft) includes discussion of quadratic equations, theory of indicts, 
^ and solid geometry. ^But students of section (ft) are also taught 
mathematics in three extra hours per week during the two yeais. 
They have such subjects as the progressions, logarithms, uideter- 
* minato equations of the first degree, {lennutations and combinations, 
determinants, probabilities, plane and spherical trigonometry, and 
elements of the theory of plane analytic geometry. They also review 
their ■arithnietic, algebra, and geometry, and are taught ajiplica- 
tions. The (M courses in geometry' include at times such tbpics as 
the theorems ^f Menelausimd (Jeya, radical axes, centers of simili- 
tude, Euler’^ line, nine-point circle, prismatoid, Euler’s theorem, . 
harmonic . ranges and pencils, poles and polars, aqd “Guldin’s 
theoreni.|^ The mathematics of seotion (ft) occupies the student for 
about' ode-sixth of his time: . . s. 


> OndoM or * b^v burtbor wbool witb * Bv^yw couho an unlally batUr prapend (o Uko up tba 
ttudy ol pbyaics aud maUiamaUcs iu a univoislly tbad ara U» gnduatai Iroiu a gy Duaslaia. 
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The final examinations are conducted by the $taff of each school, 
under the supervision of Government delegates, usually three in 
. numbei^ As a rule, the inspector is one of them. The ex^ination ^ 
is similar to that for graduates from the higher burgher schools, and 
covere practically all the studies of the ^course. These include 
Gre^k, Latin, Dutch literature, French, GennVin, history, geography, 
mathematics, physics, chemistry, and natural history. The Dutch 
would, therefore, seem to have taken as a motto Lessing’s saying:* 
*'Aus eineni tuchtigen Philologen lasst sich alios machen.” 

In the Netherlands there are five universilies. Ih^sitles the State 
universities at Leyden, Utrecht, and Gnuiingen, there are the Com- 
munal and the Free Universities of Amsterdam. The Free Uni- 
. versity has no faculty of mathematical science and physics. 

The mathematical instruction in the universit ies of the Nether- 
lands varies to ascertain extent, hut in all it includes mathematical 
phv’sics and theoretical mechanics.. During the first two years 
(courses are reckoned by years, not semesters) the programs of study 
contain higher algebra (determinants, irrational and complex num- 
bers, theory and methods of solution of equktions of higher degree, 
Imear substitutions, theory of invariants); dijfereutial calailue and 
lUi hitroduction to iha integral calculus; analytic geometry of the 
plane and of space (lines, curves of the second degree, planes, sur- 
faces of the secohd degree); geometry (methods of projec- 
tion, applications to the theory of curves.and surfaces). ^ 

The subjects of study in later years are very varied, biU some of 
the principal ones are: Integral calculus, differential equations, 
theory of functions, general theory of curves and algebraic surfaces, 
differential geometry, calculus of probabilities, calculus of variations, 
theoretical mechanics, and mathematical physics. 

The title of doctor i^ obtained after two academic examinations 
and the submission of a dissertation. * Tlie student geiil^Uy pre- 
sents hpnself for the first examination, calle<l “the examination for 
candidature/' after three years of study. For the candidate in mathe- 
matics and physics, this examination is on higher algebra, analytic 
geometry, descriptive geometry, differential calculus; astronomy; and " 
physics. In the second examination; the examination for the doc- 
torate, the caiulidate is examined on^intcgral calculus, theory of 
functions, calculus of probabilities in its applications to physics,, 
theoretical mechanics, and physics. It is especially notable that 
even for the mathematicians, higher geometry is not a subject for! 
examination. ' 

For students* in mathemaitics and astronomy the course i/much the 
same as ill nkathematics and physics. 

' Candidates generally present themselves for the. examination for 
. the doctorate three years after the examination for candidature, but 


./■ 





166 TEACUERS OP MATHEMATICS FOR SECONDARY SCHOOLS. 

the total perjod of the study for tfiis degreo is often more than si.x 
years, since. the time ordinarily spent on the dissertation is one or 
two years. Occasionally a student acOoniplishes the work for this . 
degree in less than six- years. Ituiccurs more frequentl)', however, 
that a student pa-wee the examination for the docUira.to/and tlieii 
presents his dissertation one or several years after having iWt the 
university, „ 

According to a law of 1905 the stu^nt who has successfully pa-i^d 
the e.xuininiitiou for the doctorate has the right tojench in' a gym- 
nasium or other secondary school, in one of the subjects in which he 
was exaruinorl^ It thas happens that those who have arrived at pnv 
f^sorships in this way have rtweived an arlmirable scientific proparn- 
tioM fn)m a theoretical point of view, but have had absolutely no 
jrractical preparation for the chairs which they have been appointed 
to fill. In most cases the lutin-o teacher is transferred iliroctly -from 
the university to the sch^l, without over having taught and without 
any knowledge of theoretical aiul practical pedagogy*. Hia only ox- 
p«n"ionce is what may be gaimal by conducting from time to time, in 
tho pro.senco of a pr*>fessor, adocturo on some mathematical subject, 
either on a paper which has apjieared in a periodical or on a subject 
chosen by tho student or proposed by the professor. Tlirough tluv-si 
lectums and.fhh criticisms to which they load" the student becomes 
somewhat accustomed to tho methOil of formulating poi-sonal scientilic 
research; but for development as professor these lectures have sliglit 
value, since the subject of a conference' is almost invariably taken 
from some part of higher mathematics, and but rarely is a scientific 
> tfoatniDUt of olomontary questions pivon. 

Those who have passed the examination Tor the doctorate arc not 
biwoVcr, the onl^ ones who have a right to teach in secondary schools.’ 
riio law of 11S63 cstablislieil a scries of State examinations leading to a 
Certificate of Capacity for secondary teaching. ' For mathematics and 
mcclianics there are two examinations, of w’hicti the first, examination 
A, acrards the right to teach, the branches of this examination in a 
secondary school with a course of three years, while the second 
examication B, accords this right for a secondary scliool with a couree 
■ i^of live years. Examination- A includes arithmetic, algebra, plan-j 
geometry, soiid geometry, plane and splioricol trigonometry, princi- 
ples of descriptive and aralytic geometry, principles of theoretic and 
applied mechames, machinery and teolinology, physics, chemistry, 

. cosmography, geology, mineralogy, botany, and zoology. Mthe 50 
years that the law has beou,in force a very small number of faersohs 

have pass^ ®xcee<Ungly elaborate, examinatioil But ihe law ‘ 

wo iwrmite special certificates of capwity for mathematics alone, 
for theoretical mechanics, machinery, technblogy, etc, Thiis'exam- 
inatiou A is d^mposed into four less onerous examinations, and 
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tho candidate whd has passed any one of tliem inay teach the branch 
named in a secondary school with a throo-year counw. Examina- 
tion B includes descriptive geometry, analytic geometry, difTorential 
aini integral calculus, theoretic and applio<l mochauics. Those who 
have passed tho tWo examinations A and B complotely may teach 
mathematics and mechanics in a secondary school with a course of 
live years. 

Those who present tht^selves at these examinations have rarely 
if ever^attomUMl any course in mathematics or theoretic mechanics, / 

Tho inajorrty of the ctindi(|p|^ have been preparetl by private tutors j 
or hy personal j'lTort. The percentage of failun^s is consequently/ 

A*er)* high. ^ / 

Tlie salaries t»f directt>rs of higher hnrgher schools rangi^ from 
florins (with homo) to 4,000 florins ($004.80 to $1,60S) per aiuipni; 
tliosoof profitssors-from 1,000 florins to 3,050 florins ($402 to $1^225), 

^ mULIOGRAlMIY. ‘ ^ 

Ropptyrt mr rensergnrmrnt mathhnatiqufdans Ux puhlif /xir h SouM-Commix- \ 

#ion hatiotmU {Communion internationaU de Vnueignnnent maikHnatique). • 
Delft, J. Waltinan, 1911, 151 |»p. 

This votumo oontnins MVffal by lOtliafrent authors. 

J. t'AHDlNAAL,' “L’onBeignoment niath^matique on Holland,'* 1/ Ctunqucmmi 
tomo-, IIKH), |>|>. 

PiMCCS 317-337 of this article arc m:unly hUtoric:J. 

J. 0. MEDD; .1 Xhort .ioBQunf of Diucotion in the Xetherhnds. {Special Roporti* on 
Educational Sul>jccta, vol. 8, suppl.) 1/Oudon, Board of Education, .1902, 

72 PI). ' - 
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Roumania contains about 7,500,009 inhabitants. 

The general control of its education ia vested in the minister of public instrur»i«n 

mtafeir r° hl““ pertaining to their special provinces The 

rion i^l HWtruction IS organized in three departments: (1) Primary instruc 

f s«condary education dates from the law 

was modified in'1909 and, again in 1910 in' the direc- 
tion of increasmg the modem character of the curriculum. In 
accordance with those measures secondary education is arranged in 
two cycles of four years each: The lower course (first to fourth ViV) 
and the higher course (fifth to eighth, V-VIII). Tliose socoiularv 
Mhoob which have only the lower course are the gj-mnasia. Thoi 

.T Tr « organized 

m three parallel sections after the model of the French lyc6e; namely 

science-modem languages, Latin-Groek, and Latin-modern langua^oV 
In eimh ^ction the material forms a unit of study. At the encl of^tlio 
eighth cl^ the pupils who successfully pass the final o.xaminations 
obtain the certificate of secondary study.”’ In general, the pupils 
leave the. lyc6o at the ngo of about 1 9 yearn. They are then prepared 

enter various higher schools, including the universities; of which 
there are two, one at Bucharest, the other at Jassy. 

In the first cycle the subjects taken up in mathematics are: Prac- 
tical and rational arithmetic, elementary geometry (plane and solid), 
^mentary algebra, and notions of bookkeeping and surveying. 
With regard to the secpfed cycle, reference is made only to the science- 

“athematiciahs 

come. The special object of the mathematical work in the sb^nd 
cycle is to develop the reasoning powers. Because of this some of the 
more subtle questionn of arithmetic are -introduced. The study 
of algebra is developed at length in courses extending through all 
our years. This_study mcludes convorgencq and divergence of 
senes, tje number e, derivatiyes of exponential, logarithmic, and 
circular factions, and Homer’s method of solution of equations with 
numencal coefficients. In plane and solid geometry such questions 
as tri^yersals, harmomc division, poles and polars with respect to 
a circle, areaa of polygons and of a circle, anjl area and voluiile of a 
sphere *re taken iip with many problems and applications.'^ Then 
Jhere are^ ajso. ^ane trigonometry in VI, descriptive geometry and 
mechanics^ m VII, analytic geometry and cosmography in VlIL 
’Maj^h^atiM occupies 6 hours out of 28 a week (21.4 per cent) in 
V and VI, 6 nut of 2g (17.9 per cent) in VII and \^il 
;.■■■ -IM,- 
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For the pupils in the science-modem langu^es section who sp^ 
cialize in mathematics there is a special publication Oazeta nuUe^ 
maticaf which, has appeared since 1895. It is somewhat limilar 
to the ReviLe de matMmatiquea speeidles prominent in the French 
lyc^es. Quite apart from the obligations connected with their 
courses of studji the' ntathematical pupils of the section not Only 
solve the problems in pure and applied mathematics in the Gazeta, 
but also propose <^thers and contribute notes and articles. The 
progress of mathematical science in Roiunania stands in intimate 
relation, to this review.’ ^ 

Such then is the nature of the work which the] mathematical 
professor has to conduct. There remains the consecration of his 
preparation for the work. ^ . 

The directors and professors in the secondary schools are univer- 
sity men and receive their appointments from the Government. 
Since the law of 1898 the mathematical professors are appointed 
from amon^ those who have passed the ''examination of cap^ity/^ 
which is held every three, years. To register-fcfr this examination 
it is necessary to have (1) the diploma of licence is sciences mathimor 
tiques of a univei;^ity; (2) the certificate of a pedagogic seminar. 

“The students who have passed the examination of licence 5s 
sciences math^matiques have sufficient theoretical preparation to 
become good professors in secondary education/* as it is modestly 
expressed by Prof. Tzitz4ica. The examinations for the licence are 
in higher algebra, analytic geometry, descriptive geometry, differ- 
ential and integral calculus, theory of functions, mechanics, and 
astronomy. These examinations require at least three years of 
preparatmn. -I 

During his university studies and afterwards the future mathe- 
matical teacher takes a cour^6' ih pedagogy at the university. He 
also commences at the same time his practical trainuig at a pedagogic 
seminar. The pedagogic seminarion in connection with the uni- 
versities vere created by the law of 1898. 

The examination of capacity consists of (1) three written ^examina- 
tions on the elementary m^iterial of secondary education and on the 
more advanced material of the licence; (2) two oral examinations, 
one on mathematical questions proposed by the^ury, the other on 
' pedagogy ; and (3) two\ practical examinations — that is to say, two 
lessons such as ihe candidate might deliver to* pupils in a lyc5e. 

*ln order to claim a teaching position "as a right, one must have 
passed an examination of capacity fora secohdary specialty. For .* 
example, physics^or geography may be offered with mathematice.. ^ 

y BIBLIOGRAPHY. . ^ 

0. TZITZ]l&IOAV VEnaei^nemeni Mathhmiique en Boumanie. Enaeignemmt aeeot^ 
daire, Bucarest, Imprimerie, VGutenberg” JoeephQobl Stseura; 1912. 16 pp. « 
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■ ' XIV. RUSSIA. 

J*- ■■ 

It has been ostimatod that the Empire of Russia contains more.' 
than 182,000,000 people. Since the treaty of Portsmouth its area, 
exclusive of inland waters, is about 8,400,000 square miles. 

Finland (q, v,) has a separate system of pubhcschools much more 
highly developed than that of the remainder ef Russia, where the 
general education of the people has been of a very low order. Except 
in certain parishes of therBaltic provinces, education is not compul- 
sory. The numerous central authorities in connection with Russian 
education include the ministry of public instruction and the Holy 
^ Synod. The former controb the universities andrthe great majority 
of the secondary schools of all classes. ^ ^ 

The secondary or middle schools include: ‘ (1) Seminaries for 
teachers, of which the ministry established 63 * in 1891 for the prepara- 
tion of teachers for certain primary schools; (2) institutes for teach- 
ers (33 in number in 1914) which prepare teachers for another class 
of primary schools; and (3) establishments sucli as the progymnasia 
(of which there were 29 in 1914), gymnasia (441), real schools^' (284), 
and technical schools (68 in 1910),® under the control of the ministry 
of public instruction and providing general instruction for the youth. 

The progymnasia are incomplete gymnasia. with four or six classes 
ihstead of eight classes (I-VIII), one for each year of the course. 
Among secondary schools, only the gymnasia and real schools are 
considered here. Bobynin has given the mathematical programs of 
, the seminaries and institutes for teachers. 

GYMNASIA. , 

Pupils normally enter the gymnasia at the age of 10 years. In the 
explanatory remarks prefatory to the program of the course of mathe- 
matics in the gymnasia for boys, the minist^y of public instrtiction 
sets forth the object of the course: * 

I . ■ *. 

Mathematics as an exact and abstract science furnishing a simple, and consequently 
appropriate, jnoans of aseiuring suitable development of the mind constitute one of the 
foundations of general instruction. The essential object of study at the gymnasium 
being the intellectual development of the pupil, t^ mathematical instruction should 
be chariKterized, before all else, by the thoroughness and s3rstematic ri^r of a theo- 

\ } Bbbj^, 1903 (see bibliogrephj); ufiA. T. Smith Ih^C^lopedla of EducatUm, edited by Itooroe, la . 

article (m Rui^a. 

« Since mcreased, aocordlng to a lyport of Jan. 1, 19U, to 129 (Statesman's Ytar-Book, 1917). 

*bi 1912 there were 30 teohnloalsahooli of secondary school grada. 
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retie courefe; p^ticai applicationB should be introduced, first, as iHustiutions of the 
thf^ory, and then, to habituate in computations. 

The gymnasia of the ministry of public instruction are of two types: 
^ (1) Those in which only one ancient language, Latin, is taught; and 
(2) those in which two ancient languages are taught.' There were 
only five of these latter gymnasia in 1910. ^ ' 

While the whole number of hours devoted to *mathomatics in these 
two typos of gymnasia is not the same, the programs are identical. 
The subjects taught are arithmetic, algebra, goonietry, trigonometry^ 
physics, mathematical geography (cosmography), and notions of 
mechanics. . ^ . 

Arithmetic is laujrlit in (;JasBC‘s I -I II and roviewcnl in Class VIII, whoro certain parte, 
omitted earlier on account of their difiiculty, are taken up. In the third year topics 
of discuasion are: Ratio and pr<»pf»rtion, problems rolatiiiR to the so-called rule of three; 
interest an<l proportional pirts. 

Algebra (HI-VIIl).— Some of the matters taken up in Classes VI-VIII are: Progres- 
sions and logarithms; calculation of compound ^interest.; indeterminate equations of 
the tirst degree in two Unknowns; continued fra‘ctions; binomial thdorem; resolution * 
of a system of ecjiqitions by the method of H^zout. ' . 

f/rometry (IV-VI), with review in VIII— In V-VI the student is instructed in the 
measurement of lines and angles; proportionality of segments; similitude of triangles 
ami polygons; regular polygons ; notion of a limit’; length oKhC circumference; lui^ons 
on the calculation of t; area of' rectilinear figures, of the circle and. of its parts; simple 
problem.s of instruction, and numerical application.s for each article of the program; 
r<*gular polyhedra; -evaluations of area and volumes of prisms and pyramids; cylinder, 
cone, and sphere, evaluation of their areas and volumes. 

Tngonometry (VII-VIII). — Elements of plane trigonometry, including the use ol 
tables, solutions of triangles, calculation of areas an<l applications to problems in siir- 
vej'i/ig. Trigonometric equations and inverse trigonometric functions are not 
diseussed. 

• Cosmography (VIII). — Rotary motion of the celestial sphere; rotary motion of the 
earth; true shape and size of the earth; apparent annual movement of the sun; itnmial 
movement of the earth round the sun; measurement-'of time; constitution and dimen- 
sions of the sun; moon; eclipses; planets; comets; law of gravitation; tides. 

Mechanics (VI, VIII).— Motion and force— laws of motion, law of inertia, law of rela- 
tive motion,equality of action and reaction; force as a cause of motion and of pressure; 
raMistance of motion (friction); equilibrium of forces; composition and decomposition 
of forces; leyers. Theory of gravitation. Theory of motion-^uniform motion; ye- 
I^ity; acceleration; uniformly accelerated and retarded motion; motion of a j>rojec- 
tile; notions regarding curvilineas. motion and centrifugal force; pendulum. Theory 
of eqeigy— work; lever; pulley; inclined piano; toothed wheels; kinetic and poten- 
tial energy; transformation of mechanical work into heat and inversely; principle of 
conservation of energy. 

In most gymnasia thp pupils have the same teacher of mathe^tics . 
in all of their courses. This arraqgemen t seems to cause the p^l to 
think of the bonds uniting one cdurse to another. As to tbeWnnec-. 
tion between mathematics and physics and mechanics, the coui^ ' 
in physics and mechanics (as well as in cosmo^phy) are conceived . 
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in such a way as constantly to give the pupil occasion to apply his 
knowledge and his experience of mathematics. 

^ About one-third of the pupil’s time in the ordinaiy gymnasium is 
devoted to the study of Latin and Greek, and about one-fifth to 
mathematics md physics. 

At various stages in his course the pupil is required to pass written 
and oral examinations. In the final examination the written portion 
in mathematics lasts five hours and requires the solution, with detailed 
explanations, of two problems, one in algebra and tKo other in trigo- 
nometry applied to geometry. The mathematical portion of the oral 
examination is' in arithmetic, algebra, solid geometry, and trigo- 
nometry. The student who has successfully pa^ed this examina- 
tion receives a certificate of maturity (attestat zrolosti). The bond 
between secondary and higher education is formed by *he requiro- 
inont of this certificate for admission to the universities and that of 
either the gymnasium or the real gchool for admission to the higher 
technical colleges; 

‘ ^ ■ “HEAL SCHOOLS." 

The normal age of entrance into these schools is 10 years. Most 
schools now possess, in addition to the-former regular six classes (1-VI) 
a seventh class (VII). Each class lasts for a full year. 

The subjects common to all real schools are: Rassian, with Sla- 
vonic; modern languages— German, French; geography; history; * 
mathematics and geometric drawing; natural history; physics- 
drawing; calligraphy. In a- comparison of Real schools with the 
gymnasia, it is to bo noted that logic and the classical language have 
disappeared to make room (^r more of science and of modern lan- 
guages. ' . 

The students of the teal ^hool cover in six years about the same 
amount of mathematics as those in the gymnasia cover in eight. 
Special reference may bo made, however, to the five-hour course of 
mathematics given at many real • schools in the supplementary 
seventh year. The subjects taught are arithmetic, algebra, trigo- 
nometry, olemente of analytic geometry^ ai)d mfinitesimal calculus.' 
.The leading topics taken up are: 

Anlkmelic: Principal propositions on factoring ofajumbere; the highest dommon** 
divisor of two numbers; soluUon in positive integers of indeterminate equations of 
ihe first degroe in two unknowns. 

Algebra: Complex humbors; fundamental properties of an ihtegral function and it« 
loote; special cae^, the functions and az-»P+6zP-fc; dwcusBion of equations of 
the first degree with one unknown and of a syetem of two equations of the firat degree 
with two unknown^ — ^indeterminate caee, contradictory equations.' ' ■ ' 

. OeOTnetry: ^lative poKitions of lines and planes in, space; principal properties of 
dihedral and polyhedral anglin; regular polyhedra; measurement of the surface and 
^lume of ^e right cylinder, the right cone, and the sphere and its parts: example 
leading to computa>tion and construction -problems* 
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Trigonometiy: Inverae circular functions; trigonometric equations; etc. 

Analytic geometry: Rectangular and polar coordinates; transformation of coordi- 
nates; circle, partibola, ellipse, hyperbola; equation of ellipse and hyperbola in 
bipolar coordinate; loci; diameters. 

CakuluM: Fundamental theorems, in limits; application to the measurement of 
circumference and area of circles, of the surface and volume of cylinders, cones, and 

Spheres; linut?!^; limit ^1+^^ ; differentials of algebraical^ transcendental func- 
tions; geometric explanation of Rollons theorem; Lagrange's theorem; increasing and 
decreasing functions; equations of tangents and normals of the conic sections; definite 
integrals. 

Since 1911, students who have satisfactorily completed the seven 
years’ course4)f the real school are admitted to the universities with-^ 
out examination. Teachers in the real schools‘-aro, for the most 
part, graduates of a university. in the subject whicli they teach. 

To form a true conception of secondary education in Russia, one 
should bear in mind that, taken as a whole, the boys attending the 
secondary day schools are drawn from a lower social stratum th^ are 
those attending such schools in England or France. As a rul^ neither 
the children of the aristocracy nor those. of the- higher officials attend 
the gynmasia; the fombr are educated for the most part by private 
tutors, the lat|er in special schools open only to the nobility.^ 

THE UNIVERSITIES. 

In Russia, exclusive of Finland, there are 10 universfties.^ The 
largest and oldest is at Moscow; The others, in order of foyndation, 
afe at Yuriev (formerly Dorpat), Khazan; Kharkof, Petrograd, Kief, 
Odessa, Warsaw, Tomsk, 'and Saratov.- The last w^ founded in 
1909, and neither therb^nor at the tlnjversity of Tomsk has a faculty 
of physics and mathematics been estal>lished. 

While secondary education in Russia still leaves much to be de- 
sired, the standard of teaching m the 'universities is, on the whole, 
very high, and may bo compared to that of the German universities.® 

The scholpstic year consists of about 27 weeks of lectures, and the 
course of study at the imiversity covers four years, * * 

The Ru^ian faculty of physics and mathematics is composed of 
two sections: The section of matheiuatical sciences and the section of 

) This paragmph b •quivabn^^what Darlington states In this connection on pp. 347-348 of his report 
(Which sought to represent actuil c^diUons at tl)^ end of 19(H). The liureou of Education at Washington 
has, however, kindly volunteered the Information that ''about 50 per cent of Russian gymnasium 
students are eons of nobility and roWhants. 'Aristocracy' Is represented by ot least 20 per cent of the 
students. The special sche^ for ariJbcracy have long ago become Insufflcient and now aie/Uscaided.". 
The bureau states that the authority It qwtes Is: Russia, Ministry of Public Instruction, Report jbr 191^ 
[In Russian], Petrograd, 1015, pp. 50 and 61. 

* "A- Popular University i^arlng the namh of Qen^ Alphtmse* Bhaniatsky, who has glyw the ftmds 
nedcOmry for Its creation, has existed at Moscow since autumn, 1008. %a 1916 a Woman's University was 
created at Petrogr^ with the power of conferring the ds^ of doetQr."-^aur«man'f yterteok, fP/7i 
> ^neifciopaedia Britanniea, 11th edition, 1911, Article “Russia." W. 8. Jesleo has recently reported 
great improvenumt In Russian secondary educatiim during the past decade. 
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‘ Bcimces. With the exception of geReral courses in physics 

and chenustry given to Students in^oth sections, all subjects in the 
two purses are. different. J 

Since }906, severd universities, including those at Moscow and 
Petrograd, have divided the studies in the mathematiciSl section into 
three groups: (1) Mathematics and Analytic mccha/ics; (2) astron- 
_ pmy; and _(3) ph^lcs,subdi^^ded inW («) physicsand 1) physical gcoir-'' 
raphy and meteorolo^ The student may eWjAo take up the 
'Studies of any one grou^ ^ ^ 

^ The courses for the mathematics and analytic mechanics group 
at the University of Petrograd in 1909^10 werj) as.foUows:' ^ ^ 

Senutler /.-Spherical tqgoDometry; introduction to analysis; analytic Bcometrv- 
^mctry; higher geometry or descriptive gcometiyf^hysi^s 

•S^tsr *.--Analytic geometry-and' exercises; differential calfulus and exercises- 
^ gfom^ or de«npuve geometry; descriptive astronomy; physics- heat’ 

Recommenced: Course in general cheimstry. P y* ice, neat. 

^ _ Senu,^ d.-Higher aigebra; appUcati^ of differential calculus to 
integration ; spherical astronomy; optics; acoustics and electricity Seoi^etry ; 

Smrstsr L-^Iighcralgebra; integration; geometric applications of integral calcuh.H- 

5«n#jter 6.— beffnitc integrals; integration of ordinary differential eoiiatinn. . i 
- « -Partial dffferentiaf equations; calculus of probabilities- theorv nf 

attiaction, hydrostatics and hydrodynamics. Re^pmmended:, Celestial ’mlhanics 

In addition to the 'general and recommended counies there are 
certam special couraes nrifgiven every year, for example : 

1. theory of Abelian integrals (1906-7). 

. 2. Theory of surfaces (1907-1909). 

3. ^alytip theory of differential equations (1907-1910) 

4. Veetor. analysis (1908-1910). 

5. Histori^cal and critical review of the principles of rational 

mechanics (1908-1910). ^ , 

^se courses are pven, for the most part, by the Privatdoffenttm. 

!« 8t«^ents in the faculty of science 

w. conducted by a commission appoinled by the State, i examina- 
tions aie both written and oral. The programs of the State examina- 
. ^o;i8 divide umversity hourees into, two classes: (1) Fundamental 
o^pnncipal cburses, (2) complementaiy courses. The proS ^ 
the pnngipal courses^ are the same for aU univemities Ld co^ain 
pidy the most essential .and elementary parts of the four sciences . 







the mathematical section of the faculty. In these subjects there are " 


r .urses.is made by the student himself. In tn&thematics he may 
choose theory of numbers, theory of elliptic functions, higher gecfea- 
etry, or some other course of three semester, hours per week. The 
.examination is oral. * 


tlie right to t^ach in the secondary schools without any 'special 
examination. The diploma conferred by the State examining com- 
mission is not technically a degree, though it is fully equivalent 
in value to the B. A. degree conferred by British or \^erican 


satisfied. Only a select few remain at the university to prepare fo^ a 
degree, and most of^heso do so with the view of ultimately obtaining 
a ])rofessorial chair. There are two^egrees, magister and dotjtor; 


TEACHERS IN SECONDARY SCHOOLS. 

* <• 

Ijlvery teacher of mathematics in a gymnasium under the control 
■^le^ ministry of public instruction must be a 'graduate of the 


gogy and no practice in teaching when he fimt presented himself 
at a gymnasium as a professor. In 1909, however, a provisional . 
set of courses for the preparation of teachers of niatheroatics ind 
other subjects was organized in the educational district of Petrograd. 
This plan has Ijeen followed by other educational districts. • 

At Petrograd the courses are under the direction of a council com- 
posed of the directors of establishments of secondary education and 


to pupil-teachers by the council includes the following: 

1. The c^irees of one year in duration are. especially designed 
to give practicM preparation to teachers of mathematics in second- 
ary Schools. \ 

2. The courseware open to those students who have a diploma from' 
the mathematical section of a faculty pf science and are hearers of a 
certificate of good conduct. 

3. The more nece^itous of the candidates for the course receive a 

stipend of 300 rubles ($156). In addition to this assistance in mohey> 
student teachers may, under certain circumstances, earn money as 
tutors, or. as substitute teachers during the absence of the incumbent 
of a chair. * 
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teachers of mathematics tor secondary schools. 

in groups of two or throo, in«J.“yS 9 TfLd"reds^^ 

~ of the pupfl 

0( a. p„i,.uLm’ 

d.ry ^„U„„ ,,. U.. .tS” “‘ 

fSr' f ' r ” ''^ 

to malJe report of the^e lectura to SJchief^ .'”“1 

(ui) To deliver lessons, as often as possible, before the chiefl^f tb« 

«I1 rf-e‘ur ^"p** ““ «' 

eropp, whj,, 

(viu) lo attend the pedagogic council 
•■ 0--10™ (u„« 

. .™ ■ 

same as of those in the gymnasia. ^ “ Practically ihe 

1 

Kussian secondoty schools arc nt tlm <■* ^hd? of the 

(y a. doestion {, P^7^r.l7t. :rralZT?“^ 
thia^^r dilBcpIty has hoen doscribed’ahove S.!” s'?" a"', 
tot >tt the™ scorn, to be genoraj an^opt L"T 
y^U>, that theprestattreteof «mun.r.tiol whiTh 

. ago, M not 8 u«ciently high either to attract tl.*l' T? f ’‘™?0 W" 
oadary school, toachhtg go W„;s^3,‘:Lr‘X“to !: t 

■■■>■: \^ '■ '. • ■ ■ ■• • . -■■ •- ■■■.,■■•■ •: •■...• V 
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normal limit, receives 1,830 mbles (about S9 15) a year for the first 
five years of- his. service, after which his salary is increased by 150 
rubles, thus reaching 1,980 rubles (abo^t $993) a year inwall. Extra ‘ 
payments (e. g., for correcting exorcises and acting as “class tutor”) 

, may raise the remuneratiomto 2,230 rubles a year, but in any ordinary 
case, so long aa ho continues to be an assistant teacher, his salary 
remains as al)ove stated from the sixth to the twenty-sixth year of ' 
his service,, when ho receives his pension. An income of less than 
2,000 rubles a year may bo sufficient to enAble an assistant teScher to 
live in a manner suitable to his position, so long as he remains a 
bachelor; it js whmlyTnjjdoquato to the needs of a married man with 
a family. With the most rigid economy a moderate-sized middle- 
class household can not be m<^uitained, at any fate in the larger 
tpwms of Russia, on less than 3,000 rubles a year. A married teacher 
is therefore under the absolute necessity of earning on an Average an 
extra thousand nibles a year in addition to his official salary in order 
somehow to keep soul and body together and provide proper educa- > 
tion for his cliildron. 

The salary of an ordinary professor in a Russian university is 3,000 
rubles a year; of an extraordinary professor 2,000 rubles. ? 

The pension rights attached to the teaching profession in the higher ' 
and secondary branches liro veiyNconsiderable in Russia. Twenty 
years of work gives to such a te^h* a right to a pension equal to half 
his salary; 25 years’ service entitles him to a pension eqifal to his full 
salary. Mofeover, if the teacher i^revented by* shattered health oi* 
some incurable disease from continuing in the exercise of his pro- 
fession, ho is still more generously treated. ' 

UlULIOGHAPHY. j ' 
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secondaire." VEmntjneinent mathhnatique, V, 1903, .pp. 237-261. 

Commission internationale Penseignement malh<imatique, Sous-CommisBion 
Russo: 

1. B. S. VEmeignmnent jnathimaiiqtu dans Us koUs primairea et Us koUs 
normales. ’ ^ 

. M. KONDRATIEV, mathhnatiqve dans Its gymnasts ds gargons 

du MinisUre de Vlnstsuciion Publxque. St. P^tersbourg, 1911, 29 pp. 
t 2. K. W. VOGT, Bericht Uber den mathematischen lUnterricht an den Russtschen' 
RealschuUn. St. Petersburg, 1911, 16 pp. . 

3. 0. 4*OSS6, Rapport sur Vemeignement mathfmatiqiu dans Us universxUs . ,en 
' Russie. St.' Petersbourg, 1910, 100 pp. 

T. DARLINGTON, Education in Rusm. London, Board of Education, Special 
Reports, vol. 23, 1900, 569 ?p. • * 

W. S. JESIEN, " Education in Russia,;’ Rept, of U. 6. Commie.' Educ., *1916, vol. 
l,*"Wa8hington, 1916, pp. 597-615. ' . . ' ‘ ' 




XV. SPAIN. 


« 

At tho close of 1913 continental Spain had an area of about 194,009 
square niilcs and a population of over 19,600,000. 

The whole system of public instruction Is controlled by the minis- 
ter of education, an advisory council, and a corps of inspectors, one 
for each of the 49 Provinces or administrative divisions of the. country. 
Tho secondly schools and universities are intimately associate<l, by 
reason of trae fa^tbat Spain is divided into 11 university districts, 
the socondary^^d higher education in each of which is under the 
contuol of a rector. He is assisted by a university council which 
acts in an advisory Capacity. ' 

The State secondary schools, of which there must bo one, at 
least, in every Province are st3’led institutos do segundajenseftanza. 
The colegios de segundiC enseftanza are Iwianling schools in charge of 
local authorities and are feeders for the ihstitutos. Pupils who enter 
the institutos are about 10 years of ago. The general course is di- 
videdinto two parts, one part covering two ^^ears and the;>ther four. 
In the first part the only subjects of a mathematical i^^ure are 
arithmetic and drawing. Algebra, geometry, and trigonometry are 
studied in addition to arithmetic in the second |>art. Physics and 
chemistry are also taught in this part. The student who h^ suc- 
cessfully completed the si.\ years of study and passed the corre- 
sponding State examination is called a bm hiller en artes, and is 
entitled' to proceed to a university. 

The University of Madrid has the large.'^t attendance; tho Univer- 
sity at Salamanca is tho most ancient. Other univei-sitics are those 
established at Granada. Sevilla, Barcelona, Valencia, Santiago, 
Zaragoza, Valladolid, Oveido, and Murcia.^ 

The bachiller who wishes to prepare himself to teach mathematics 
in the secondary schools must study in tho faculty of sciences of a 
university and secure the title of licmciado (licentiate). At Madri<h 
candidates may then proceed to the doctorate; Barcelona and Zara- 
goza are the only other universities which have a faculty of science 
preparing completely for the licenciatura. 

The mathematical studies leading to the licenciatura are tis follows: 
Mathematical analysis. -rFirat and second courses, supplementary to tbeworic in 
the institutos. The first course comprises theories of arithmetic not>explained in 

1 This univerdty wis estobllshtd in 1016 or 1916. ty. The StaietTnan** YearM, 1016-1017. 
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•tcondaiy education, the ..whole field of elemcntaiy algebra, plane and apheriral 
trigonometry with joalysi* of cirtular functions. The eei-ond coiirao deals with higher 
slgelira; and the general theory of ciiualions, as well as an introduction to modern 
hiplicr algebra; u presented. During one yv/ at the' Univereitv of Madrid for' 
wanipip, this introduction dealt with the tl*or>' of binah- forms (discriminanto: 
Jwol.ians, Ilcasians, and Wronakians; linear substituiions; invariants and covari- 
aniij; ('anoniral forma). 

r. .Vefnc ^comr/ry.— This geonietr>- is simply the ordinarj- Euclidean goomctiVT 
nKHlilied by the use of modern synlheUe mellio.ls. The cduree in the faculty of 
aion.vs IB divided into two |>aris: The first deirls with fun.lanienwl theories, those 
oil which the theorems of all previous questions are based; the s.«eond consisto in 
studies of each 'group of figures in detail, without losing sight oT the groupings which 
facilitatC'the emploj-ment of the principlc.<i of duality, projeclivity, etc. 

(«) Fundamental thtorm: First notions; angles; iv-riH-ndieulars and paiallels tela- ' 
lion lM>twecn the elements of triangles and of trihedral angles, is-weelesors- aleno; dis- 
taiieesand inclinations large and small; elementary easesof symnietiy and of equality 
oDriangles. trihedrals. and tetrahedrons; equality ami orthogonal sf>'mmotry in general; 
giwiietric loci; ein-le, cone, and sphen.-; prop,irtional lines; similar figures; prod- 
U(^of. segments in triangles; cnnec|>t of lenglli of curves in giuii-ral and of the areas 
jj^uiics; plane and 8|.herieal trigonometry aulBeieiit for ihe soliilioii of right triangles- 
orthogonal projections. 

(M Studitt: More compl<>te consideration of ea.-h of the following figirms; Ranges 
of ixnpis, pencils of rays or of planes;, ria-if cross nilios ami proje. lion; segment and 
angles; triangles and trihedral angles; quadrilaterals, telralieilral angles. amDl**tra- 
hedrons; ordinary [lolygons. pol> li.ulral angles, jami ]>olyhedrons in general, and in 
panieiilu tli^twliich are regular ami semin-gular; prisms and cylinders; pyramids, 
lirismatoids, cones, and spherical figures; systems of cin-les; of cones, and of'spheres’ 
parlicular determination of length, of an-as. and of volumes; (hgir comparison aTid 
proiiortionality; homolt^-. honioihet.y. involution, and syninietr)- in general; po- 
larity of a circle, of a cone, or of a sphere: inverse figiir<-a: stereogriii.hic pnijeetion. 

» Anati/lic grofficfry.— This course is based' on projective muAods and isespcciallv 
develo|)ed at Madrid.' 

(■ hltmrnls af infirnffsamal ralnilus . — This course inc' ttdes a discussion of theory of 
limits continuity, orders of infinhe.siinal.s derivative.s and dilTerentials of functiotis 
of one or of several variabltja; change'of variables; hyperboliclunctions; Legendre's 
polynomials and developiiienis into teries by formula? of Taylor, Maclaurin and 
^wange; maxinta and niinima; elements of integral ‘calcultts; differenliatiou and 
integration under the integral sign with aTOlication 16 the calculation of definite 
integrals and of the Eitleriati integrals. In some Jirograms thi.s first part-of the 
calculus course concludes with a di.scus.sion of ciirvirinear and sttrface integrals and of 
integrals in the formuteof Ureen.pf Sioke.s, and oOlirichlet, and their applicaUons in 
niKM'lianics and physics. ■ • 

Cosmofftaphy afld- physical yroyrnphy, * 

a. Geometry of position, • 

7, Jksvriplive geometry, * / 

H, Rational mechanics, • ' 

9, Spherical astronomy ajulyedflfsy, « 

The title of liecriciado in mathematical scionro is obtained by a 
^candidate after three oxaininatiotid are successfully passed: (a) A 
written examination on two questions drawn, by lot, from thpse 
proposed by the tribunal; (b) an oral interrogation . by the three 

s ■ -" ■ ■ • 

'J. UEY P.A8T0U, Fundamentosdf la genmatrit proyfcHvaittperior, Tomo 1. Madrid, 191ft. 224-444 po 
BttlUHn des scienCci maihimatiqwt tome 41. m7 p, 229, 
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judges, for half an hour^^ch ; (c) a practical exercise consisting in 
the solutiop of a problem in descriptive geometry or in rational 
mechanics drawn, by lot, from the problems of the questionnaire, 
and response to observations of the tribunal. 

The examinations ior secondary school ph)fossorships are open only 
to licentiates and comprise: (1) A written examination four hours in 
length, consisting of the development of fWo themes of a question- 
naire; (2) an onj examination consisting of n'sponso to five (pies- 
tions drawn by lot; (3) a practical exercise; am|, after the exclusion 
of those who have not met with success, (4) deli very of a lesson after 
eight hours of preparation to he criticized by one or two opponents; 
and (5) exposition of a given topic and n>|>liivs U) criticisms of tjie 
tribunal. 


Tlio best mathematical positions in the secondary schools are 
obtained by the doctors of mathematical sciences, who are also eligible 
for positions on the faculty of sciences of a nniversity. To pn^pafo 
for the doctorate it is necessary to follow: courses at the universitv in 
higher anal>*sis, advanced partsof geometry, astroiu)iny of tiieplaiuMarv 
system, and mathematical physit's, and to pres(‘ut a imunoir on a 
/..iifiubject selected by the candidate and .<alisfactorily sustained against 
^ objectiwis bn the part of the tribunal. 


The titles of some advanced courses ofTen>d to those preparing for 
the doctorate may be given: Ordinary difforcMUial equatioiLs; calculus 
of variations; integral equations; quaternions; functions of a com- 
plex variable; elliptic functions; Galois s theories. 

It usually takes four years in the university to pass the lieencintura, 
and one extra year, for tlioso who am apt scientific investigator, to 
make the doctorate. * 

The professors of secondary and higher education are appointed 4) v 
the King; in tl>e case bf Clio instilutqs one of the professors is 
appointed as director. - 
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Z. G. DE GALDEANO, Nuem Contrxbucidn d la EmefUima f(f la }faUmdiica con 
iruHcacioms de sitlemaluacion rmtematiea. Zaragoza, E. Casaftal, 1910. 64 pp. 

Vense^nenurU malMmatvpie en Eapatpu, (Commission intornationale de 

renseignement matli^^matique. Sous-Copmi.ssion espagnole.) Zarag(»za, E. 
• Caiaftai. 1910. 8 pp: 2^** rap^rt, Zaragoza, E. Casaftal, 19U. 18 pp. 

C. J. lUi EDA Venscirfnemtnt mathinuitiqua en Eepa^ne. M^moires pre8t*nt(ic8 au 
^ congr6s do Cambridge par M C. J. R. d^l^gue en Espagno de la commission 

intornationale de I’enseigncment math^matique. Tome Madrid,. Tip. do 
U Rev. de Ajrch., Bibl. y Museos,V 1912. 143 pp. ‘ 

' AmonK the nMmoirt In this volume ai«: '* M. Torroja et POvoliiUon do la K^om^trlc en Espagne ” 

. 4 by U. Vesaa; 'VEnaeicnement de la gifom^trle m^triqu^ h la PacultOdea Sdencio** by C. j. Riieda 

**Les cours d*anal yae math^maUque aux Faculty des Sdencos ospajmoles** by L. O de Toledo 
**L>nselghemeot du calcul Inflnlt^mal aux Pacult^ des Sdcnccs espa^moles':’ by P PeOal- 
v«r; '*Easeiipiemeiit dee* matbdmaUquea aux ^oles Normales" by L. Ferreroa. 




XVI. SWEDEX. 


' Tlio aroft of Swotion is, a littlo loss (exrludinp the lakes) th^ 
170,000 square miles, .an<l the |a>pula(ioI^ was estimated to be on 
l>e(‘oml)or 51,1916, about S, 757 ,000. Of (hesji*, all but about 100,000 
Ivlong to (ho established Lutheran Church. It is, therefore, not sur- 
prising to find church and school both placed under the administration 
ef the l^ctlasiastikdepartemontet, or the eci'Iesiastical department. 
The triMjd of circumstances rccondy has boon tow an! their separation, 
li.was not so long ago that jthe chapters (</o/nJta;>rtf/n ), composed of 
ministers and la>inen, ;ivero still the local boards of adhniiiistration, 
vet merely of occlosia^ical afTail^, but also of relating to the 

sccqmiary schools and/ to' the elementary school sySlem* Since 1905, 
hnwevor, the central govenuiient of the State secondary schools and 
0 (iuivalent eilucatioiml eslahlishmonts n»ceiviiig State aid hasA>een in 
tlic hands of a hoard/called' the Royal Board of Secondary Schools; tha 
msult has Ihh'h tliat the powers of the chapters as regards these edu- 
cational institutioi/s have boon very considerahly curtailed. In 1913, 
by the cstahlishnyent of a central board for the elementary schools, 
tliese also wore placed under the administration of expert laymen. 

Tile royal boiyrd of secondary schools denis with such matters as. 
curriculum, discipline, training of teachefs, appointment of teachers, 
etc. It is'ulso/the duty of its members to inspect the schools per- 
sonally and i4 give inslruction and advice nn the course of their 
inspection. / 

Suice 1905 /the State si*condnry schools for boys have l>ecn clas- 
siiiod.into tNCo groups: Roalskolor or modern schotds (indo|)eiuient), 
and hogre ailm&nna lapovcrk, each Qomprisuig a realskola and a 
gymnasium./ I 

There arc/ 77 secondary schools for boys (allni&nna l&rov'erk), 38 
of the.se are hogn^ alhuanna l&rovork and .39 are independent real- 
skolor, Aiiiong the latter, 18 are coeducational schools. There is 
no independent State gyinnasiuni. ^ 

Into th0 realskola, which has six one-ycar classes (one, (he lowest, 
to six), tljle boy may enter at 9 years of The course < at the 

gyplnashim is ba^d upon the work .of the five lower clfusses of the 


i Note that tpe secondary sdooatloo 4i built oo the third jesr of primary eduoatlon, Instead of the fifth, 
as in Doamarlj. The primary schools |^vs a six-year course, while In some cases oontlnuatton oounes sre 
offered for three years longer. 
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l^kola and is divided into two “sides"; the Latingymnasiiun and 
the re^^nasiu^, each consisting of four one-year classes called 
rings (I to IV). The boys m the sixth class of the realskola an 
thus of the same age os those in the first ring of fhe gymnasium. 

) 'realskolor. 

Matheinatical instriiction, which occupies about one-sixth of the 
pupil 8 time, is here given during -five hours , weekly in each of the 
dasses except in the first and fifth, where it occupies four horns. 
Ihe subjects taught are arithmetic, algebra, and geometry. In the 
sixth class the pupils are instructed in: (1.) ^^c6m^v0lution and 
mvolution, proportion, equations of the first and second degree with 
one unkno^, ^aplis, and pnibleniS; (2) geometry— geometric exer- 
cisOT and amphfication of preceding course, which has dealt with 
circles and polygons and kimple.problems. , Drawing exercises of the 
Kealskola mclude, m class '4, geometric, construction of parallel lines 
jangles, parallelograms, and polygons; in class 5, drawjag of regular 
figures, such as the ellipse and limapon;, elements of descriptive 
geometry; m class 6 further exorcises in descriptive gebmotry. 

In 1904-5 about 60 out of 75 schools used Euclid's Efements as 
textbook in geometry. Four years later, A^ith the development of 
the more practical or modernized scheme of secondary education 
alwut 60 out of the 75 schools had adopted texts similar to the 
^odl geometries novv so common in England. 

ft 

' . General ickeme of studies in a realskola. 


Subjects. 


Sw^h...*. 

Owmaoi 

KngUsh : 

History 

Ooomphy 

,Ui^«matlcs.«.; 


Classes. 


Writing.:...,.. 
Drawing 


Total n timber of hours a weak'.. 


1 

. 2 

3 

4 

6 

0 

5 

3 

'6 

3 

6 

2 

4 

'2 

3 

3 

3 

6 

6 

6 

4 

4 

3 



3 

3 

6 

3 

4 

4 

2 

2 

2 

2 

■■ 2 

3 

4 

6 

6 

•6 

4 

f 

2 

. 2 

2 

I 

2 

3 

...... 



...... 

2 


3 

1 

“*2 

"•*2 





1 

1 

2 

2 

2 

2 

27 

a 

29 

30 

— X 

30 

30 

30 


\ The toal goal of the realskola is a State examination ORealskol- 
examen), which gives admittance to various technical schools and to 
'^v.^ooIb of forestiT, agricultur®, and mining, and qualifies for various 

.P®?*- roUwhy or tel^ph service, etc. 
r; ■meex^B^ation consMts^ the one written and thenSier 

oral The queettons of the first part (m Swedish, Gennan, En^irii,' 
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and matheihatics) are the same fer the whole country and the require- 
meiits are moderate. . ' . 

GYl^ASIA. 

In 1913 about 57 per cent of the pupils in the gymnasia were in 
attendance at the realgymnasia. 

The number of class periods per week in the realgymnasium 
(including gymnastics, fencing, singing, and religious instruction) is 
3S to 41, of 45 minutes* duration. There must be a pause of 10 min- 
utes between two periods. About one-quarter of the total time, 
apart from instruction in gymnastics, fencing, etc., is dvcn.to mathe- 
matics and drawing. In order to avoid overpressure and to permit 
of a pupil’s devoting himself to some special study for' ^hich he dis- 
plays'^ marked aptitude, some options {valjTihet) are allowed in the 
last two years of the gymnasium course. 

The extent pf requirements in the different rings of the gymnasium ‘ 
may bo soon in the following table; , 



As to^fnathematics, instruction in a realgymimsium in'cludes; (a) ' 
Algebra — theory of indices, logarithms, Arithmetical and geometrical 
series, compound interest; (k) geometry — proportion applied to ge-' 
■^metry, problems (especially in plane mensuration), solid geometry; 

(c) ' phine irigondraeiry — simple computations in connection with 
right, and oblique triangles; (d) cmalyive -Curves of the 

second* degree; the notion of a derivative is made«clear and' much 
emphasis is laid on graphic representation of functions. 

Th0 co^erse in a.gy|nnttSiup is. concluded with a final examination 
(studentpxamen, or afg&n^exaibeii, or matpritptseMmen^ , 

either - side, ^ entitles those who liave paseed it ito matrieulation it > 
the universities. Examination commi^ionbrs called ** centra art' \ 
apjminted by the Qovemment tg superintend eich .examinati^^ 


1/4 OF MATHEMATICS FOR SEObKDARt MHOOL8. 

' f * • 

^ey are chosen for the most part from professors of the universities 
and ,«uaUy number about 18 . The censors are assisted 'hyTS 

act rmder the direction of a censor and in his presence. Question! 
or the^tten part of the examination are drafted by the -censors 
exa^^f ® of ®®coo«Jary schools., Tais ‘ 

^rSoro th “ f simultaneously in aU tl^ schools some 
w^s boforo the oral oxammations and lasts four or five days 

Swedish, modem 

mathematics, and in the coalgymnasium physics, in 
of tho^'^rf*““T“ ^ substituted for either’ 

of thp modern lan^ages,” which, are German and English. The 

Mgle examination, m mathematics lasts six and one-Llf hours 

^ throritT**;"" ‘ qu^tions. An adequate dismission 

r K ^ ' The answers are first 

baked over by the teacher himself and one colleague, tad are graded 

^isfaotoiy,” arrd the sixth '‘unsatisfactory.”: 

unSs^i^L^J ‘ho part of the examination ’ 

wir ThTf^ I h*8 papers he gams at least mark “satisfactory.” 

\T V “‘oir decisions, the papers 

are stitched together into, books and sent to the royal board which 

d^nbutes them among the censors for their iris7oction! mu^rof 

Trom c® “1®^ hr the train from school to school ' 

frpm one end of Sweden to the other.' The final decision Ts not 
r^^hed -until censors and teachers sit together in conclave somewhat 

tio?tod"jL®>'''‘““®«?u *" ‘han tho writteVexamina- 

hfe ^hoTelc?"” 0“ ‘he subjects taught in the later yea^of school 
Sesto^Lw oooh school arranges the' candi- 

' W 0*“* *" ‘ho8« rooms ‘they are 

Jufi^om ® r ® ’^hile the censor is sometimi in 

SrTa^r T ®® “ oooofJhig to the subjects of the 

^mmat on. Various -arrangements emphasize the imnprtance of 

de SS? f “"‘ho"‘y’ represent the public. Evening dre^ is 
SrS r o«®*eers, and candidates; and the censors 

the ^®“’ decorations. The teacher of 

“ goheraliy the $aminer; and, as a rule, puts all the “ 
“?K®*‘ 1 ^® and '^idance of the censor. The ex- 

S i!T’i 0^ ‘h« pupil abn», is reaHy quite as 

SL J V ‘hq^ea^er, enahling^ to^^ to judge of the elffi- 

aoM tobL h” useful for university profes- 

- ^ few days in ea ch year into such close%uch . 

* 1 quote freely from Hr. Thornton (n #haf followg. 



edBIT • 



with the pupils graduating from the public schools in the country 
Mid for school and university thus ta- be brought into relationship. ’ 
As the case pf the written, so also in the oral examination,, each 
fundidate is given one of six grades, of which the sixth -is unsatis- ‘ 
factoiy.* * .It is so. difficult for an' ill-prepared candidate, *to be pro- 
Rioted to the highest class that thomimbef of rejections at. the final ' 
examination ’ is exceedingly smalL * » 

The aim of the realskola is to provide a common citizen^’ educa- 
tion of wider scope than that of the elementaiy schooK 'The aim of 
the gymnasium is to add to general education imparted in thd real-- 
skola a preparation for the imivor^itiej^ir. equivalent educational 
uistitutions. In 1912 the number of graduates from the.realgym- 
nasia was 675, and from the Latingymnasia 510. Of these 1 , 1 85 pupils, ' 
160 continued their careers at business or commercial colleges, 144 
entered on a military career. 111 went to hig'her technical schools, 
and 535 to ^universities, etc. • " • . 

* i ^ 

I - THE UNIVERSmES. * • ' 

. There are two State imiversitios in Sweden; one at Upsafa, founded ^ 

'm 1477 and the oldest in Scandinavia, and the other at Lund, 
founded in- 1668. ’Both of those are in provincial cities. There are, 
however, two privately oiganizod univeisitios, the Hdgskola ai 
Stockholm and the Hdgskola at Goteborg (the second laigest city in 
Furthermore, the State supports a medical tollege, the' 
Karolinska Institutet, at Stockholm, which it.establishdd in 1810.* 
According to statutes of 1^8 the direction of the State unive^ 

^ sities'and medical college is exercised by a chancellor appomtelby 
the Crown, without salary,* on the recommendation of certain au-‘ 
.thorities in these institutions. It is the duty of the chancellor to 
see that the statutes are observed, to issue instruction) regarding 
♦ the admmistration of the university finances and estates, to pro- 
nounce “finally and officially in quosttons of nomination, and, in 
general, in all university matters which are submitted to the decision 
of the Government. * * * The immediate management andtsupeiy 
vision of ail Inatters relating to the university Is in the hands of ito 
rektor, who is elected for a term of three yean^’’ (but is eligible for 
reelection) by certain imivoisity professors. 


jym m unullr named A (mark of dbtlnctlon), a (exceedingly tatbfrMtorr), AS, Be, B- 
^Ustoctory), and C (unsfttlJifactorjD.t The words In .{Mrentheses are doubtto Mr. Jltomteo's trant* 
laUans of the oorresponcUn^ Swedish expre^^ given on p. 177. 

I ^ lAs a rule only about one-fourth of the pupnii entering the gymnasla aver pass examloatloo. ' 

• There are alM two forefga universities- founded In the eMventeenth century under Bwedlah rida. 

namely^ the unlvmties at Helsingfors In Finland and at porpat In Russia. ‘ ^7/. 


' » Mvewa^aviD « UllOWU OWV BS 

• The chancellor Is entltM to appoli^t a saBtfled eecre^^ 
louTa'-^is — 12 % V ’ ' 
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TEACHERS OF MATHEMATI08 FOB SECONDARY SCHOOLS. 


In ldl3 there wore about 5,200 stud^ts at the Swedish univeN 
sities and medical college: '2,4(51 at Upsala, 1,421 at Lmid, 395 * at 
the Karolinska Institutet, 741 at the Stockholm Hogskola, and 235 
at thh Goteborg’ H6g8kola^ 

The Hogskola of Stockholm is under the superintendence of the 
• chancellor of the universities. The governing body is a b<4il of 
nine nionibers, the preeidmt of which is nominatW by the Govern- 
inent. Tlie rektor of the university is an ex officio member of the 
board. Six other members are elected by the Swedish Academy, ihe’ 
Academy of Scien(!bs, the Stockholm city council, and the facull^ 
The ninth member of the board is elected by the board itself. 

It is under the direction of professors at the Stockholm Ho^kola 
that Acta McUhematica hasTbeen publi^ed.’ This has been ma^c pos- 
sible by the annual grant of 3,000 kronor. 

At each of the universities (except that at Goteborg) mathematics 
is taught in the faculty of philosophy; and in this faculty, till lately, 
three degrees were conferred — those of -candiate, licentiate, and 
doctor. According to a. statute of 1907, however, tl^e examination 
for the first of these degrees was replaced, for those expecting to go; 
into secondary school teaching, by a secondary school teachers’ 

, e^aminatioir (Jilosofisi dmbetsfxamen).' All candidates for teaching* 
positions in a g 3 fmnasium must have, passed this eltamination. 
Should the candidate aspire to be a professor (lektor), he 'must also 
pass the second miivorsity examination (flosofie lieentiaUxamen), 
and defend a thesis for the degree of dot^r (jUosofie dolcior)’ The 
, .first of these examinations requires about seven or eight semesters 
.'(that is, about four years) of study; the second, about four year% more. 

Filosqfisk tfimitteeafOTnen— The faculty, of philosophy is divided 
into two sections: The section of the humani^, and the mathe- 
matics-natural gcjerices section. To ^the Ialte< section belong 
mathematics, astronomy, physics, mechanics, chemistry, geology 
and mineralogy, botany,, and zoology. ISjpce 1909 political economy 
m^, under cerfti^ circumstances, beincluded in this section. Geog- 
raphy belongs to both sections. The fildsofisk ambetsexaihen is 
uHbased upon the following groups of^^jects: 

I tn (Jw Stat* uniTcnltles "ntrj itndint h obllfied to^Iong to one of tile bilons celled nalUrntfarmlnfat, 
or simply nation, or landtka§ (Uter&lly, provinpe), into which the students are grouped, according to the 
part of the country from which they come, the object of these il|^ being to epcourage'Wd study and ^ 

, 5^ morals, as well as the reoMng.of mutual aid. At Upsala tfe are 13 and at Lund 12 of them nation 
foiplettos, each under, contre^ aU \jupector chosen by the society from among the prCfesson of t\«nl^ 
▼e^ty. At Upefla thsM unions have as a role their own club premise • • at Lund there Is odtSb^ 
boi|^ common to all the ' nattonSf* that of the Akaddmlska Foreninge^ Th^' unions have playeda^ 
tpaportontrdto In the, life of the students^ both Inlts serious and Its mM oonvivlal aspects. The dtottne^^W 
■ ^ .. tfar a A Ba t ii h^fl fthgs^^ dress b the white oap^(«lia fadMen), Imoinirabniad from the tours of stodenW 
-• ohM uhlonA'* ; ^ ' .. * 

, ^ first number Wits forty^flntvoluaM appeared fec(uH{^« • ' . . • 
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Group 1,. Northern languages, Latin, 
Group 2. Northern languages, German. 
(Houp 3. Northern languages, English. 
Group 4. Northern Ismc 


Group 8. German, romance languages. 
Group 9. English, romance languages. 
Group 10. History, geography. 

Group 11. Geography, botany, zoology. 
Qroup 12. Mathematics, physics. ' . r 
" Group 13. Physics, chemist^. 

Group 14*. Oiemistry, botany, zoology. 


ngiiages, fcstory. 

Group 5. Latin, Greek. 

Group 6. Latinf history. 

Group 1 * German, English. 

;,^A^lication for the fimbetsexamon must be accompanied by— a 
statement of the choice of subjects; (2) a certificate that the appli- 
cant Ifas beon-^ niember of agnation socidty^uring the term in which 
Ihc exajniiiaUon is to tike place; (3> the certificate, sho^ring (hat 
the c^didate%has p^cd the studcdtexamen; (4) the candidate'^ 
record book of university work (ientamenshoJe); (5)>fee (S 16 kronor 
(about $4.09), plus 3 'firoiio^ for making out reports, plus 1« krona 
for janitor service. ' ' 

As we shall be frequently referring t^ th§ grades which the can-^.^ 
^ didate obtains in university examinations, it may; be stated at once, 
^that, as in the case of secondary school marking, they are six in 
number.' If, for definiteness, we employ^ the- letters t&at have been 
already mentioned, these grades are: A, with honor (berihr^); a, 
with exceptional praise (med utmdrJct herom godkdndf; AB^ vrith 
praise {med herom godkdnd); Ba, not without praise {ieJee utan herdtn . 
godkdnd); 5, satisfactory (<70(7/*47id);T7,'^iotsatisfiEu;tory(tVit^ godkdnd). 

To pass tho examination we are considering, the candidate, must 
obtain seven pomtq. He has three points to his |[;redit for each A 
which he receives in the^ subjects of the examinatio^ two points for 
each a or and one point for each Ba or B. * 

From this we see that mathematics and physics,' the subjects of 
gBoup 12, could contribute at most six points. 5ut the candidate , " 
must also pass afi examination in some third Subject, ^ weU as in 
psychology and tha history and theory of. pedagogy, il the case 
of ^oup 12 the third subject may Be any oSher subject in the mathe- 
matics-neural sciencp section. Mathematics may be taken as. a' 
jttiird subject with any two-subjeCt group. 

Wh'Stever selectiofii of group is made for the 15a jor, if it is a two- 
Sqbject g^oup, the candidate must obtain at least a mark AB in each; 
if it is a three-subject grOirp at least a infirk AB fo two subjects and 
B ill ^the -ihird. Moreover,, m the ‘ mathmatics -natural science 
section six of thf seven points must be obtai|i#d in arubjects selected 
froto the foUSwiiTg listrSTheoreticai philosoray, literaiy Idstor^and^ 
poetic^ 'GOrma^,, English^ rpmance langu^^, pedagogy, geography,; 
4hathematics, astronoiny, physics, mechanic, chemistiy, geology and 
minemlpgy, ^tahy,/and zqology. \ / 

In the ftmbetsex^en at the University of Imnd^ the roquiiiem^ts 
in mathematic^ for seyeral grad^ assigned are as follows: (i) For B 
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‘the candidate must show . that he has a good general knowledge of 
analytic geometry, elements of the differential calculus and of the 
; most important parts of the integral calculus ;12) toxAB the candidate 
must be familiar with the subject matter in (1), vWth »diflrcrential 
calculus and its geometric applications, with an exten^e and thor- 
ough course in algebraic analysis, with a good course in integral cal- 
culus, with the elemeirtary theory of equations, wilh 4hc foundations 
of theory" of numbers and theory of probability, and vath a short 
oourse in. modern geonietry, particularly the application of the th^iy» 

. of projection and reciprocation to conic sections; (3) for A tlio can- 
didate must show remarkable facility in handling the material of 
‘(1) and (2), and also of some important course the contjj^t of which 
▼may be optional with the examinee to a considerable extent, but * 
e^h particular choice must be approved by the examiner. 

The exAiination* in every subjeortroral. The professor reports 
to tjie examiner his personal opii/ion of e&ch candidate whom he 
has taughtV He not only indicates the extent of work covered, but 
also expres^ an opinion as to the thoroughness of the student’s 
knowledge kml as*to the independence and maturity of judgment ^ 
w^hic h ha J<^ manifested. . “ , 

The titles ^of some courses offered at the univ^ftrsity will bo gi^on * 
later, and it will be seen that certain of those fine formulated U} pro- 
pare the student for the searching^tests) Among the 'great number 
of books which arc found useful by the mathematician in preparing 
ior the JilosoJisk drnbstsexamen the following are officially lis.ted at 
• Lund: . - ^ * « 

K. R. . COLLIN, Zi4ro6o* % ptan analytUk geametri, 2 upplagan. Stockholm, 1898. 

(Rather brief . ^ ^ 

BRIOT et BOUQUET, de ydomStrie analytiqne. 17o ^ditihn. Paris, 1900. 

C. ^ . E. BJ&RLING, Ldrohok i dijfircnlialkdlkyl och algehraUk analX.'^ 3. upplamif. 

1909. • . 

F. E. BJORLING,' fMrohok i integrulkalkyl. Upsaf^f 1877. 

®RRET-liAHN/tUK, Lehrhuch der iSifferentiaU und InUgralrechnuTvg. '\ieisjhe\XAi 
von Scheffera. 4. und 5. Auflago. Band*>I:. Differentialrechnung. Leipzig, 

1908. Band II: mtegralrcchnung. Leipzig, 1911. 

W. NERNST und A. SiHlQN / Einfjahjmng in die mathematische BeHandlungi 
dir Naturudesenscha/ten: KurzgefaisteTVekrbuch' der Dxfferentialz und Integral- 
rechnungt>mit beeonderer BerUcksichligung der CHemie. 7-. Auflage. MOache^ 
und ByJii ,, 1913. 

TODHUNTB^ptrA^o/’y of Equations. 4th editipVi. London, 1880. 
yfEBER und WELLSTEIN, Encyklopddie der Elementar^Mathematik. Hand 1: Alge- 
. -bra und Analysis. 3. Auflage, Leipzig, 1909; Band 2: Elemente der Geomctile. 

I- 2. Auflage. lieipzig, 19p7; Band 3: Angewandte Elementar Mathematik. 2 . 
Aufiage: ' 2. Teilen. Leipzig, 19i(M912.' A /► * 

* Tbls;eomment and others of a stmiliir^ture which (oliWocoir In the original Ikt. 

iln thlswhrlr, applicaUons to plupageobiotry are considerably more oxteiulve than if usuaUn hooka of ' 

a-ftmUar nature.' 
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TODHUNTEitl, Algthra for ihs. me of edioals and colUgee twWi numeaMi eataemplm. 5th. 

odition. London, 1871. (For theory of numbers and theory of probabilities.) 
C. F. E. BJSRLING. Ldrohok t nyare plan georrAtri,^ Lund, 1896.' 

The requirements in mechanics and ihathema^cal physics,* in the 
filoso^k &mbetsexamen at the Unive^^ity oLLund, for various marks 
are: (1) For the mark the candidate must know the elements of 
the kinematics and statics of rigid bodies, including computation of 
stability, the elements of dynamics of a particle (also relative motion), 
the elemcitts of the d3maniics of solid b(^ies moving ^ ^ plane, 
aiid central impulse with friction, and .must have the ability to’ 
solve simpler prdblcm^ within the limits of the couise in a reliahle 
manner; (2) for the mark the candidate must be familiar with 
the subject matter in (1), with discussion of stati^ of a flexible 
string, with more extended development of rigid dynamics, including 
Lagrango's equations of motion and the elements of the theory of 
the motion of a rigid body about* a fixed point, with hydros tatioa, 
with differential equations of hydrodynamics ^d Bcnioulli's theorem, 
^th the theory of small vibrations applied to organ pipes and strings, 
and with attractioil between spheres, and he must also have facility in 
the^olution of problems within the range of the c^ufse; (3) for the 
mark A the caiididate -must complete the course. in (2) with respect 
ti^eneral d^amics and by means 'of a detailed study of some field * 
in Vpathematical physics or iiMnechanics of continuous media, chosen 
by the candidate in consul tatiorv with the examiner He must also 
have skill, in applying practically the theoretical kiiowledgo apper- 
taining to the courses/ 

Prerequisites in rmthematics, — For a 5 in mechanics it is. necessary 
to know what corresponds to the requirement for 5. in mathematics. 
For an AB, in addition to tlio requirements in-^nidysis fpr the same 
predicate in mathematics, the candidate must have some notion of 
ordinary (lifforential equations and the most elementary ideas of 
{partial differential equations. For the mark A there may be required 
in additTon to ordinary and partial differential 'equations important 
branches in one part or another of mathematical analysis. 

Studies and textbooks . — The studies are np))ropriately b^gun in the 
^ free preliminary course (for B) as prescribed every spring term in . 
connection with 'practical exercises. In order to obtain any advan- 
tage from this it is, however, necessary the saino* time to work at 
home, partlj^y carefully reviewing the notes taken at every lecture 

) Tbe prioolpftl of tbif work loolude o treatment of the theory df conics from projective and dualistio . 

points of view. In addition to a presentation of the theory of Invariants In linear substitutions Hew Mp iiry 

. and ternary lonns, aQd, Anally, after a section on **Cabvtf of higher ordi^*’ where among other results tha '* 

rifkdterlan fornmlm are derived, a treatment of the theory qf eubio Curves. Other works, not mentioned 
above but widely used In Bweden,;are: L.^ Klepert, Qrwi^Ti$9 ier DifftrenHal- niiJ inUgraireet§^, * 
umgearbeitet von Stegemann. 2 Bftnde. * Band 1, 10. Auflaget Hannover, IMS; Band II, 0. Adflsfe’r 
10OB. De la Vallde-Pousslp, <Wi i*analy94 tnfiiUuAmal. 2 tonm <3. et 3. editions. Louvain, 1012 and 
‘ '1914. Ooursat, Court i'an^te ftMIUmaUque. 3 tq'mes, tomes 1*2. 2. edl6on. Parle, 1910-U. 
tgtudiehandbok, p. 10S-l73;enfi^noi£y and physics are treated on pp. KXt-lOA* « 

^ ^ . > ■ ! ■ ♦ ■ r « * * 
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Mid wrrying on collateral rea^lmg in approj^riate textboofa, and 
partly by diligently solving problems in addition to which 

^ boon taken up in the practical .exercises. ' ! . X 

_At the conclusion of the prcluninary course siipilar regtdarly 
racing lectures and exorcises for the next higher certificate can be 
takdn up. (To profit by these the home work should be somewhat 
of the same nature as that in connection with the preliminaiy courec ) 

, Really satisfactoiy tptbooks for V^ginnere are not readdy -found 
at piwent. For ,tho time being, however, the most suitable work 
which can be' recommended is Lindskog’s Urohok i mekanik, Stock- 
holm, lg94, which also contains- practical problems. Cbaptere 1.3 
and 17 may be omitted, and for the certificate B a'lso ParaGraphs 
140-142, 155-159, 167-168. ^ H «*g P 

For the . certificate ^ a more thorough knowledge of Lindskog’s 
^ mechanics IS required. It is ijot expodUt to recommend a definite 
textbook for this cortifiate, because alfew uf'this kind which are 
worthy of notice are just now being published or revised. The fol- 
lowing may be mentioned first: 

a' r**^B^RQTirn Prftu dt mlcanupu rationeUe. Pariii. 1910. 

A. Q. WEBSTER, TheDyrumut of PanieUt, and of Rigid, ElnsHe,and Fluid Bodia. 

(Out of print, but a (ierinan as well as a new English edition 
u ofemgprSpM^d.) * ^ , 

first-named book, which contains also a collection of practical 
problems, corresponds most nearly to the prescribed course. Still, 
parts^of chapters 14, 16, and 18 can be omitted. The latter book j 
wntains comparatively more of the mechanics of fluids and of elastio 
^bodies and is speciaUy to be recommended to those who intend to 
devote themselves'^ physics. # . 

Among problem collscaioiiB we may mention: *' i 

•. H, L. »« ST. GERMAIN, Rteueil d'exercieet tur la mdinigue rationeUe. 2. Mitio’h 
Farm; 1889. ^ • * * ’ 

A. FUHRMANN, Aufgahen (m$ der ^lytUchen Mechanik, 

Bahd I, 3. Auflage, 1904; Band it, 2. Auflage, 1882. 

W.) WALTON, A mlUction of problems in theoreHoal nuchania 
bridge, 1870. 

w^'mTT T FTo6/^ in kydroitati^ and hydrodynamics, Cambridge, 1847. 

M. JHLLIEN. Prohlhnes de mican^yue rationelU disposes pourisrvir.fTapplicatums auz 
prvaeipei ermeignh dans les cours^ 2. edition. 2 vols. Paris, I860- 67 

• Problemen^ der analytischen Mechanik, ^B&hde. 

BtUttgatt, 1884-85. / • *, 

■ ^ • 'V 

who have passed . the 'filosofisk , 
tobeteexamen are eli|lble for the iilosofie licentiatexamen. In each 
' PujmatHin^ subject the candidate must make AB At Irtat. An 
aceeptable* scientific tiiesis must also be written; * 


2 Bande. Leipzig 
3. edition. Caih. 


>1il*iM»iidEii(liih,(UU0D«u publbbedin I»I2, rtortly after thU was wriKan. 






Application for thiei oxammation must be accompanied by — (1) 
a statement of the choice of subjects; (2) a certificate that the appli- 
cant has bJeii a membertbf a nation sodet^vtluring thb term in which 
the examination is to. take place; (3) the certificate showing that 
the candidate has passed the filosofisk fijnhbetsexamen; the candi- 
date's record book of university wof4uftentamensbok) ; (5) a fee of 
- 15 krongr (about S4.09),plus 3 kronor for making ^f^eporis, plus 1 
krona for*jani tor service. * 

The present regulations governing the licentiatexamen wenkinto 
CTCct in 1911. They provide that ^ery student wBo has passed 
either that examination or the filosofi^ ILmbetsexamen has the right 
> to ask for an examination^ supplementary subjects, for the sake 
of obtaining higher reports. . No one may take more than one sup- 
plementary examination. The standing in supplementary exami- 
nation carries with it the same rights as. in other subjects. The fee 
for this examination is 5 taronorfor each^subject, plus 3 kronor for 
maki^ out reports, plus 1 ^rona for janitor service. 

'The licerfEIatexamen calls for insight into the more fundamental 
parts of mbdem higher mathematics, The higher certificates require 
an exceptii^aly scientific tj^is ])ased upon speci^^ studies appr^ 

K ately chosen. T^ore is considerable latitude in m^ng tha choice. 

t “however the -subjects^ are atriingcd, the announcement con- 
cerning tb^ examination reads, **<‘one must neither thrust to one side , 
modenj, insistence oir logical exactness nor neglect geometrical intui- 
tive methods." - • . ^ . 

Jn preparation for the filosofie lieentiatexamoil in mathematics,, 
the lectures in highoj matlleniaties delivered by professors or assist- 
.ants are intended eitherit^ illuminate such parts of broad fields as 
are little available on account of gaps in texts, etc., or else to orient 
the student in some special topic. The seminary exercises have 
roe same end in view. ' | • 

/Among the texts which are useful in. preparing for this examina^ 
tion in the most fundamental fields the' following are mentioned in 
the Studiehandbok of the University of .Lund : 



fe. PICARD, Train'd' ana fy$e. 2. Edition. 3* tomes. Paris, 1901-1909. \ 

Vi. F, OSGOOD ^ Ij^rbuchder Funktionentheorie. Bandl. 2.«Auflage. Leipzig, 19X2. 

(More complete in some respite than Picard.) 

N. NIELSEN, Laerebog i eUmentaer FunklysnsteorCl K0bnhavn, 1909. * • 

H. DtJRiiGE, Elemenie der Funklioiie^ etner ianiplezen v€rdftderlich€ri 

5. Audage bearbeilet yon Maurer. Leipzig, 1906. \ • 

CmI Ke used with advmntege lor an ioCroductoiy course. 

^jdltDAN, Cows d^dmlyn de V&oU 3. 6ditieii. 3 tomee! Faria;' 

Separate seotioiis on elflptio ftmctlons and also introductory chapters on partial diffesenUal 
equations. ; • 








V 

i ■ 






182 


TBAOHEBS OF MATHEMATICS FOE SECONDABT' SCHOOLS. 


O. A. A. BRIOT et J. C; BOUQUET, niorie de* /onetioru aiiptiqtui. 2. Mition 

Pari*, 1876. , -I wuQ. 

In nuoy mptots now antlqinM, but oan nlll IM used with proflt. 

, L. 8CHLE8INGER, Einf^irung in 'die Throne der Differentialgleichunffen, 2. Au- 
flage. (SammlungJcbubert.) I.ei'pzig, 1904. 

HENSEL und G. LANDSBERG, ThtoHe der nigebraiechen Funiiiotten einer I’orio- 
blmundHire Anwendung au/ algebraische AVi tn und Abehdte InUgraU. Leip. 
*1902. ^ 

C. F. E.wBJORLING, LSrobok i nyare plan geametri (och algebra). Lund, 1896. 

G. SALMON, Traiti de giomUrie analyixque: courhcs plana, 3 ^iUon par 6 Cheinin 

Parifl, 1903. s , 

H. WEBER, lAhrhnch der Algebra. 2. Auflage. 3 Rande. (Band III: Elliptipche 

FunkdoneA-^pd algebraiacho Zahlen.) Bfaunwhwoig, 1898-1908. 

'E. NETTO, Subatitutionentheorie und ihre Anucndung auf di^ Algebra. Ix*ipzig, 'l88'>. 

J. Pi C. PETERSEN, DealgebraUhe Lignviger'aTheorx, K0bnhavn, 1877. (For m * 
introduction to the subject.) 

Introduction a VHude de la thtorie dea nomhrea ct de i'adgtbre auphieure. 
Confertncea r6dig<^es par E. Borel et J. Orach. Paris. 18^. 

^ For an intfoductlcm to t|e subject. 

P. KLEIN, Vorlesungen Uber das Ikosaider und die Aufldsung der Glciehungen wwif 

fUnften Grade. Leipzig, 1884. * . . 

6CHEIBNER, Beitrdge^ zur Theoru der linearen ^ransformationen ala JCinUitung in, 
die algebraische invarianienUitorie. Leipzig, 1 90S. . - ' 

G. SCHEFFERS^ Anwendung der Differential- und Intcgralrerhung au/ Geometrie 
Band II:. Einfttbrung in die Theorie'der Flachen: 2. AiiOage. Ixuifltig^ 

1013. * ^ ■ 

P. BACHMANN, Grundlehren der neuem ZahlenOieori^ (Sammlung Schubert). Leip- 
zig. n007. : - * 

A. R. FORSYTH, Treatise on differential equations. 4. etlition.* Umdon, 1914. 

Contaias a geeat number of useful examples, but is not satisfactory from o*{heorflical point of 
view. • ^ '' 

SERRET-HARNAOIC^ Lehrbuch der Differential- und 'Integrglreehnung'. Band III: 
Differenti^lgleichungen und Variationarechnung; 3. Auli;tge. Bearbeitet von 
G. Scheffers. Leipzig, 1909. * * ^ 


O. Bohlmann and E. ZermelojjerfJJic editors of the second Oerman edition In 1904 . 

The statements of the University of Lund concerning ihe filosofie 
licentiatoxamen in mechanics are as follows: 

'To obtain the mark .6, the requirements are the same as for the 
highest certificate in the filosofisk &mbetsexamon in mechanics. 

^ To obtain the inark*.^:H, the candidate must (a) have prepared 
himself in a coniplete course in general dynamics and mechanics of 
a ripd body in conformity with the requirements for the highest 
certificate in the filosofisk ambotsoxamen; (6) have some acquaint- 
ance^ with the most important brancjies of •mathematical physics 
and of the mechanics of continuous media; (c),^have a thorough 
grasp of A least one of the a^hces (for example, hydrodynamics, 
or theory of elasticity or themodynamics, etc.), together with a 


' * The 8^nd edition, by W. Jagpbsthal of H. Ifasrr's German translation (with the solutlonsof the prob- ' 
lenu) otfthe third EngUs^ edition of F.orsytb's work was published at I/eJpzlgin 1012. 
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dotailed study of the modem literature connected with- the' science 
in quostion> * ; ^ * 

To obtain the mark the candidate must not <^y meet the 
roqiuromonts just indicated, but must also prepare a piece of research 
work of actual sciehtific value. < 

I ho person who intends to devote hiipsolf specially to mechanics 
or .mathematical ph};^ics is advised to direct liis studies for the 

• an^)otsexannHi in such a way as to enable him to obtain two certifi- 
A cates in pli3;n5ics and the highest certificate in mathematics. In 

tlie latter subject the main emphasis should be on analysis, such as 
onlinary and partial ditTerontial equations, calculus of vari^ons, 
general theory mf functions, elliptic functions, tbge^^ywith 
spherical harmonics and BesseVs functions. 

Li^rafure list . — Tlie literature list given below lays no claim to 
^ confplotonessi and the entries are chiefly of .works suitable as text* 
books. Among books in one and the same subject those stand last 
which on account of size or character are better suited to profoui;id 
. study in the special subject. Short or popular texts come first. 

U. W BBLR, partiellen DifferentiaJ^leichungen der matkenui^chen Pkytik, 2 
Biindo. 5.,Auflage. Braunflchweig, 1910-1912. f ^ 

A. WANG K RI N / PoUrtiiaU und der Kugel/unktionen. (SammluDg Schu- , 

. ' bort.) Banid I. Leipzig, 1909. , ' 

A. GRA'i and G..B; MATHKWS, A Treatise on Beml fvmctions, London, 1895. 
t IIRISTIANSKVj-MCLLER, ElemenU der iheoreiisetun Physik.^ 3. Auflage. 
Leipzig, 1910. 

P. appeal, TrmXi de mieanique rationelU. Tomes 1-2, 3. Edition. Paris, 1909-1911; 

. tome 3, 2. 6tlitkm, Parla, 1908. 

The first volume may bo ftispeasoil with, sinre it has been already tmi for ^e oeitlficate In 
the iiniielso.xariion. Tlie third yftuine oorjtains the th^ of poteDtioI, hjdromerhoiiics. and 
^ theory of elasticity’. ^ 

E. MACH, Die UecJm^H in ihrer ^wickluttg hitUniuh-hnlieA dargettelll* 7. 
Auflage. Ujipzig. 1912. ' . ' , 

Critical presentation of the foiinilntions of mechanics. Rec<^mended even for the hipest 
certifioutesin tbeftnibetsexainen. . • J * 

G, R. KlUCIIOFF, Vorlfsunyen Abcr ma2ematische Phyaik: Band 1: Mechanilt. 4. 

• Auflage vjon W, Wien. Leibzig, 1897. 

Succinct presentation —especial L frotn the mathematical staadhdnt — of the whole of 
mechanics. * ; . ^ 

W. THOMSON and P. G. TAIT, Treatiae on, Natural Philoaophy. New edition, 2 
volumes. 'Cambridge, 1903. 

A masterly presentation of mechanics from the physicist's standpoint, but onsystematlc and 
for that reason 'unsuitable as a text. In part perhaps somewhat out of daU, but none the len 
Yeadable. Complements Appell and Elrohoff in Tstuable manner. * 

I; ■ ■ . 

J. ROUTII, Trifotiae on the jDyrwmtcs of a System o/ Biyid Bodies. 2 volumes. 
Volume 1: Tlhe elem^tory part, seventh option, London, 1905. Volume 2: 

The advanc^ part, sixth edition, London, 1 ^. 

• English translation of the first edition by W. F. Magie. Undon, 1»7. ^ 

••En^lLsh translatiph from tiie second German edition by T. J. McCormack, Chicago 1103 M editimi 
reviaed, 1W«. fiupptoment by P. E. il. Jo^diiin, Chicago, 1015. 
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a Rr HERTZ, Otm^melu RW«. Band 3: Bit Prinitipim iet Mtehmik tn neum 
Zuiomrrunhange dmgttUlU, Heraiu^pageben von P. Lenaid. 2. Auflam. 
LeipEig, 1910. . 

^ Short courm in hydromechanics and theory of elasticity were written by 

Webster, Appell, aSlid Kirchhoff (nee aboveb . * 

. W. WIEN, Jafhrhut^ dor HydrodynamVi, Lei prig, 1900. 

H. LAMB. Bydffxlynamia. 3. edition, Cambridge, 1906. (AJao in German by 
Priodel, 1907). 4. English editi^ 1916. 

..A. E. H. LOVE. A Treatise on the j^kerrmiail Theory of Elasticity. Second edi- 
tion, Cambridge, 1906. - 

Also tramlatod Into O^rmn by Tln^, 1907. ^ ' * 

H. LAMB. The Dynamical Theory of ^^otmd. London, J910. 

. J. W. S. RAYLEIGH,- Theory of Sound. New edition. London, 1894-1896, 

M. PLANCK, Vorlfsungen Uber Thermodynamik. 4. Auflage. I.idipztg, 1913. 

W. VOIGT, Thermodynamik, 2 B^de. (Sammlung Schubert.) Leipzig, 1903-4. 

Die Prinnpiender WdrmeUhrehistarisch-kritischdargesulU. 2. Auiifie ' 
Leipzig, 1900. , 

G. JAGER, Die Fortsthnue der Hnefitc/iim Oastheorie^ Braunschweig, 1906. 

O. E. MEYER. Die Kinetische Theorie der Oaae.» 2. Auflage. • Ldpzig, 1899. , 
JEANS, The Dyiumical Theory of Gases. 2. edirion. Cambridge, 1916. 

L. BOLTZMANN, Vorlesungen Hhn Qastheorie. 2 B&nde,^. Auflage. I^eipzig, 1912. 
J. W. GIBBS, Elementary Principles in 3teuiitioal Mechanics. Developed with special 

re/er^^.ta the rational foundation of thermodynamics. New Haven 1902 
(Also in German by Zermelo, 1905.) ^ 

P. DRUDE, Die Physik du Anhers auf elektromagnetischen Stuttgart, 

1894. • ^ 

A. pOpPL-M. ABRAHAM, Themie dtr EUttrieiUU. Band 1. 3. Auflace Lein- 
*i«. 1907.- , ' ^ ^ 

P. DRUDE. Lthrbudi dn Optik. 3. Auflage von E. pehreke' Leipzig, 1912, 

H. A. LORENTZ, Tht Thtory oj EUttroru and iu App'tieaiiont to the Phenov 

Light and Radiant IJeat. Leipzig, 1909. ' , 

M. PLANCK, VorUtungen fii«r die Theorie der Wamwttrahlung. Leipfig, 1906. 

Doctorate.— In order to procure the (Jegroo of doctdfof philosophy 
i the candidate must' have pitted the filosohj>.dic^tiatexaraen, and 
have published *nd publicly defendedjmrorigirtld scientific" thesis 
on a subject connected with the stu^ in which ho has received 
commendation in the licenli^te^anicn. TJie thesis and defense or 
disputatipn must.bo satisfactory to the faculty. 

The members df the mathematics-iaturfJ science facility an 
supposed to be present at the disputation, in which a representative of 
the faculty and two suppoii(«r8 of the candidate take part. The 
regulations seem to imply that such functions are not always of an 
amiable chMacter: ‘“^e or some othei;- professor wh^m he may 
. appoint ^sl«ll see to it that order and decorum ai;e preserved. In 
cw disordOT or disturbanc^^es and can not be quelled by pleasant 
me^ by him or 1^ deputy\a has the right to dismiss ‘the assembly, 
he requires must-be imme^ately observ^ed by all present." 

• Paragraph then cohcludes, ** After the disputation has lasted four 

> Enfllsh translation of tbo saoood •dJtion, by R. N. Bayn^ Undon, J89a ‘ 
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- hours the dean, or his deputy, may conclude the same if he is so 
inclined/' ’ . ^ 

Courses . — In 1^1 regulations as to the nature and method of • 
instruction ia Swedish univoTsities were formulated. They provided 
that all instruction given with a view to preparing for exaniinatmjniSs « 
ituist be so arranged that scientific lectures in each exari^a- 
tion subject shall be given each year, and that exorcise . coiiWcs, 
partly introductory courses^ and portly seminary courses shall be 
furnished/' They proyitled also that **ono course within the pur- 
view of the fa/iilty'ijis( ruction should conclude wijh an oral or other 
examinaUon suitable for those electing Hie course." 

Consequent 1}% as far as the number of kistnictors will allow, an 
omleavor is ihado to provide annually the ossenthJ n^quiremen«ts for 
the prodjeate AH in the lilos(4t^k ftinbolsexamon, and in addition at 
least the aspecially fundamontal parts of analytic geometry and 


ciilculus, 'which properly bijong to 
exorcise^, on which groat stress is 


a propaedoufic course. Ink^.ial 
laid, an attompt^is made to have 


the students acquire the habit qf*sollving with facility harder j)i'oblems. 
such as are generally tioatod in the coursas. In Lund those courses 
ami oxercisw jyas compulsory to a certain extent; in Tpsala, require- 
ments ^thls kind have not yet been introduced in connection With 
mathematics. 

^^^ho public lect liras aim to give, on the one hand, broad general 
presentations of fields which properly belong to examination courses; 
on the other hand a thorough discussion of special questions. In 
the seminary exorcises eiialj^is of memoirs and report ami discussion 
of original papers encourage the development of Indejiondont scien- 
tific work. ‘ / . . ' * 

The following courses in astronomy, • pure mathematias, and 
mechanics^ were offered at the jtfni versji^l^ of Lund during the four 
semesters (wjiich are now referr|||^ hVrlp^^ first, second, third, and 
fourth), from the autumn somesfe^TO 1 47io the spring semester, 1916, 
inclusi've: i. % 

During the firsU aemoBter Prof. C, V. L. (,’harlior lectured '‘MotioDB of Btar 
cIuaterB”; during the eocoiid on “Multiple correlation” and “Use of the kuietip 
th^ry of gas in the motion of star clusters/' three hours a week; during the tiard on 
“£lelected parts of the theoty^of enumerating the sUrs”; and during the fouflb for 
thref hours a week. on “Selected parte of star statistics.” In eacLbf the semesters 
Charlier and an assistant conducted a scminaiy in astronomy for thorn aspiring to the 
marks J5, AB, of higher in th<f filoeofisk umhetsexamen. ' 

, T. Brod4n, professor of mathemafics, conducted; (d)-In tfaeTitst semester--{1^ a 
preliminai^ course with the aid df an asslstaut; (ii) a course of about 20 iocturcs on 
the theoxy of functions; (iii) an elementaiy course of about 10 lectures on infinite, . 
series; (iv) an elementary seminary course, two hours every fortnight. (6) ^ond 
semester — (i) a preliminary course; (ii) a course on selected topics of the Umbetaexa- 
V®n; (iii) a course. on theory of functions (about 30 lectures); (iv) a courso on some 
phase of Uie modern theory of aggregates; (v).an el^6ntaty. sefmioary course, (e); 
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T^rd ^e8ter-(i) a course in theory of equatione, a preliminafy couree in calculua 
elected topicftin theory of conics and certain arithmetic applications of higher analvsia 
' „ 7 advanced seminary course on the connection between 

analysis and the theory of numbers, one hour, (d) Fourth semester-(i) preliminary 
course; (ii oleraentary course in algebr^c analysis and arithmetic applSions of 
hi^^nalysis. two hours; (iii) advanced seminary exercises, 'one hour. 

y. W. Ekman, professor of physics: First semester-(i) mechauics, two hours a 
week for two cortilicates in the iimbeteexamen; (ii) hydrodynamics, one hour- (iii) 
exerci^ in mechanics, one hour. Second semester— (i) mechanic's (first course) 
three hours; (ii) motion of li(|uids and theor>' of friction, one hour; (iii) exercisc.s iri ' 
mechanics, one hour. Tlprd semester-(i) mechanics (continuation course and 
course for two reports in ambetsexamen); (ii) theory of elasticity, one hour- (iii) 
exon ises in mec hanics, one hour. Fpurth eemester-(i) preliminary courw in 

mechanics, two hours; (ii) theory of elasticity, one hour; (iii) exercises in mechanics 
one nour. ' ’ 

N. E. Ndrlund, profe.ssor of mathematics; First stmester-(i). elliptic and auto- 
morphic functions, three hours; (ii) advanced mathematical seminary, one hour 
Second semcster-fi) elliphc and automorphic functions, one hour;yii) theorv of 

, *>umhers,^onehour;(iii)adyanc:edmathematicalseminarj'.onehour. Third semester— 
automorphic functions and higher algebra, ^iree hours; (ii) elernentarj' mathematical 
seminary, one hour. Fourth se^tei^(i) higher algebra, three hours; ('ii)^elemen- 
tary mathcmaticftl sorninaiy", on^ hour. ^ 

F. A. Enptrdm. astronomical observc>r; All four seme8ters-(i) uee of-simpler astro- 
nomical insthiments for deUerminat^pn of the time and of latitude, one hour’ 
(u) exercisers in astronomical observations. - ’ 

H. G IMock, docent in astronomy: First, second, and third scumrsters-in ea.-h 
celestial mo(‘hanics, 15 lectures. 

N. G. O. Kuylenstierna, docent in mathematics: First semestc r-/)ri Laplac e’s equa- 
tion, 15 lectures. Second semester-integral ec, cations. 20 hours. Third scunestc-r-^ 
selected chapters in the theory of linear differential cauations, 1,5 lectures. . 

K . A , W. Gyilenberg, docent id-astronomy : Third scrmestor- (i ) spherical astron'omv 
for meeting requirements for AB in filosofisk umbetsoxaTnen;. (ii) general astrononi; 
and the stars (requirements for B in same examination). Fourth si'me-ster— (i) deter- 

mination of orbits of comets, 3 hours; (ii) spherical astronomy (for AB \u ambetsexa- 
men), 20 hours. ^ ^ ^ 

S..D Wicksell docent in mathematical statistics: Third 'scmester-olementarv 
principles of mathemaUcal statisUcs. 25 hours. Fourth semester ^theon- of <orre 
Jation, 25 nours. 

At the University of Upsala in the spring term of 1016 coursos in 
the .ollowing subjects -were ofTored: Linear difToroiitiul equations, i 
theory of functions, differential oqnations, trigonometric series, - 
theory of olectncity, rational mechanics, integral equations, and 
theoretical astronomy. 

•• 

SECONDARY-SCHOCfL TEACHERS. 

There has been given dbove an outline of the work that a mathe- 
matical teacher must do in the State secondary schools, and of work' 
m school and umversity which he must baye coraplotod by way of 
preparation. But Sweden requires still more, namely, a year of 
probation (prov&r). This year df professional training is taken at 
one of the sofbn, schools officially Jnescribod for this purpose, thiee of 
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which are located at Steckholm, one at Upsala, one at Lund} and 
two at Goteborg. Tho number of ‘'caqdidates" is about 70 a year. 

Having finished his university course in the spring,* and having 
decided ^ become a teac'lior in secondary schools, tho candidate 
sends to the royal board of socondary schools copies of his final 
^ exaininaiion cortificato and of his various university certificates, 
naming at* tho same time tho throe subjects he wishes to bo trained 
in, which sy, mathematics, plrysics, and chemistry.' In the 
autumn ho is assigned to some one of tho schools along w'ith perhaps 
nine, others. SVfter he has' had aivjntorview with tho head master 
or rektor, there aro assigned to him from the ihomboreof tho staff, 
various suppn'Lsors or, ilinictbrs,, under whose particular direction he 
remains during his training. A man may havo one supervisor given 
him for mathematics in- the lower classes, another for mathematics 
m tho higher, and a third folkphysics and chemistry. The first two 
. or throe weeks may be spent in watching the work of tho classes (the 
lowest for the most part) and listening to the instruction pven. 
Tlien conies a little teaching, fii-st in thd presence of tholoachor and 
then in his ahsonco. After, that comes tho first “criticism lesson”* 
given, perhaps, to tho'lowoiit class, in tho presence of the rektor and 
Mie teaclior of the class and tho rosl of tho students in training. As 
soon as poasiblo after tho termination of tho lesson all those who thus 
M itiiossed it moot with ^tho candid^e and discuss its matter and 
manner. And so in tho s'oeond, third, and fourth classes there might 
f he listening and teaching and a second “criticism lesson.” In the 
fiflli class there- is possibly continuous teaching for a month, both 
with and withouftho teacher; then “criticism leasons” follow; and 
the firet term closes with tho class leaving the- roalskola for the ’ 
gymnasium. . * / 

In the spring term the candidate watches the teaching of algebra 
and geometry in Ring I, going through his first criticism lesson'' in 
those subjects in Ring II. He may have a criticisiVKlcssori in Ring III 
in trigonometry and solid geometry, and in Rings II-IV, he mayhave 
criticism lessons in ph}’^sics and chemistry, or he may give a -month 
V of continuous instruction in one of these subjects followed by a criti- 
cism lesson. In additidn, he is expected to take class teaching if one 
^ of his supervisors is kept away on account of illness. * . ' 

^ Besides all this, an elaborate series of lectures, is given to the^ candi- 
dates on the theory and history of education and pedagogy, l^ec- 
.tures ar^also given on method in connection with special subjects."^ 

^e rektor, having heard the criticistn lessons and received peri- 
odical reports both from the candidate and his super vigprs, .holds, a 
scrutinium, attended by those of his colleagues who. have taken part 


> From Mr. Thornton’s report. 

ht li • liwon spedany prepared for crltldgin on the port of hie fellow cipidldatesaiid 
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in the trainint]:; and thiv precise character of the certificate to be 
given the candidato^is then Settled by discussion* * an(J by fuU-intei^" 
change of opinion and eviilence. This certificate becotnes an im- 
portant asset in the teacher's stock in trade, one upon which the 
character of his first employment largely depends. A sample Jpllows: - 

TRAINING CERTIFICATE. 
y Z, Licentiate in Philosophy, 

who in and .•^prini> term 1,^94 according to the regulations in 

force has undergoi^a training course; at the KkmeniarUirovcTk in this place, has 
displayed 

in the theoretical course: 

an exceedingly satisfactory ^knowledge of the theory and history of education: 

in the practical course: C 

In Mathematics (Class I, III, V. VI 2, VII, 1)’ a dislingiuahcd’ tapacUy for 
teaching. , - 

In Physics (Class VI and VII I) an exceed! nglj^ati.sfactpry' capacity for 


.In Cliemi.stry (Class VI and yil 1) ag exceedingly satisfactory capacity 
for teaching. 

In (ria.‘*H . 

and there has therefore been awarded to him, as a mxhlic testimony to his capacity 
for teaching, the •certificate * exrwdingly satisfittory. ” He has besides shown 
distinguishetl industry and exccptionul aptitude for iheMtichcT's caHing. 

. • Upsala, the 2d of Juno, 1S94. . 

4 (Signed) A. B., . , ^ (Signed) 0. D.. 

Principal in the Principal in the 

practical ooutm. theoretical course. 

Tho teaching staff of a gymnasium consists of t^ rektor or head 
master and tiirec ranks .of pcnnailcnt teachers; (o) Professors 
{leUorerl tvlio teach chiefly in the upper classes of tho higher schools 
and wrho nrust he doctors; (6) assistant professors (adjunktsr), who 
teach in roaJskolor, in lower classes of largo gymnasia, and in the 
smaller gyiiihasia, an(l who, as far ns the university is concerned, need 
only tb have passed the filosofisk kinbetscxanien;' and (c) instructors 
{SvningsUirare) tca^iing drawing, music, gyiimastics, and the use of 
aons. . 

According to the official regulations the apiSlicant.for a position as 
a lektor or adjunkt on tho staff of a State secondary ^hool must— 

(1) Be 23 years old, at least. . # 

(2) Be in good health and' not crippled in such a . way as to be 

unaulc to get about. . - • 


f I That U, a. 

•Tbaie Classes VI 1, 2, and VII L 2, ato now kno^ os Rlnjrs I. II, and Rlnes III IV 

• Thatls, X; ' * V 

• The prospective adjunkt of mathematics who ifos pa.s.scU this examination may have taken mathe^ 
matics as aAhird subject wUb one of the groups Ln the humanillos. 
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(3) JBe^own for honor and probity, and in cdsethe chair includes 
infiPtruction in religious matters, ntust confess belief in the 
true evangelical faith. * * . 

ti) Be conspicuous for. sincerity and streflgthjpf character, and for 
the good temper necessary in the ^danc^ of youth. 

(5) Be elbowed with ability easily and clearly to impart instruc- 
tion.* \ 

(6) Be thoroughly conversant with the subjacte connected! With 

the chw he seeks. ^ * 

(7) ’Be prepar^il by a year of professional training. 

(8) liave performed, wi^h industry anJ skill, for a period bf not 
less than two years, the. duties wjlich devolve upon a lektor 
or adjunkt in (a) a boys' high school; or (b) some institution 
of learning under the jui^iction of the royal board; or 
(c) a training seminkry for clemehtary schools; or (d) a 

' technical elementary school; or («) the royal naval academy; 
or (/)*E high school supported by4.hc State. Or have served 
as docent in a universffy for not less ^kn two years, in such, 
a riianner as would entitle him to an honorarium.*" 

Tl\e prospective lektor must also (a) have obtained -47? or higher, 
all those subjects of the ambetsexamen which correspond to 
subjects in which the chair. has been announced as vacant'., (6) have 
passed the licentiatexameii with the grade AB or higher in one 
of those subjects; (c) haVe satisfifed the requirements for the doc- 
torate. The lektor whp teaches mathematics must also be conversant 
with’^the^ mechanics and astronomy in the course for the licentiate. 

In the larger gymnasia the rektorer are required teach, from 
12 to 16 hoi^ a w'oek, in the smaUer from 20 to 24; the professors 
from 18 to 22; and the assistant professors from 20 to 28 hours 
a week. ,A rektor at a realskola is'obligod to teach from 18 .to 20 
hours weekly. , . . ' 

An adjunkt begins with a salary of 3,000 knonor (about $818) 
which niay be increased 500 kronor every five years until the" maxi- 
mum salary of 5,000 kronor is reached. In Stoctliolm, GoVeborg*, 
and Norrk6ping sdnools the municipality also makes* a grant toWard 
rent of apartments. T^e salaries of lektorer range from 4,000 to • 
6,000 krohor. ' There are two scales of paries for the rektor; namely 
6,000 kronor in the higher schoejs, witji an increase of 500 kronor 
after 10 years, and 5,000 kronor in the realskolor with like increase 
after 10 years. In additioa t6*this, rektorer have free lodging or dn 
equivalent allowance. * f V 

AH teachers are obliged to contri];>ute an annual quota (maximu|pL, 
200 kronor) to their future pensiorif On attaining the age of 65 and 
after 35 years of seryice, teachers on the permanent are entitled 
to s^pension-jj4,000 kronor (abotft •1,090.80) for lektorer and 3,400, 
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for adjunkfer. The rektoT receives his pension (5,000 kronor in tha 
gymnasia, 4,000 ki-onor m,the realskolor), provided he has held the 
post of rak4or for atT least 15 years. The widow and childretmf a 
teacher on the permanent staff receive a considerable pension from 
a State-aided and State-contVolled Widows’ and Orphans’ Pension 
Fund. 

BIBLIOGRAPHY. ' / . 
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^Vn. SWITZERLAND. 


Switzerland is a confederation of 25 Cantons. It has a total, area 
of less than 16.000 square miles and a population of about 3,900^000. 
The Cantons vary greatly in size; for example^ Bern (Berne), Grau- 
jl)(inden (Grisgns), Valais (Wallis) are each over 2,000 square miles 
m extent, while the area of the Canton of Zug (Zoug) is less than 
100 square niiles.‘ German is spoken by the majority of the in^b- 
itants*in 19 of the Cantons, French in -tf, and Italianjn 1. Afeut^ 
two-thirds of the,^ total population speak German; about 800,000, 
French; and about 300,000, Italian. 

There is ho tientndization of control in educational matters. Each 
Canton h almost completely autonomous in the arrangement of its 
school system, and while ' there are many similar features in the 
organization, the ideals are often widely divergent. But it is cer- 
tainly true that in no country is the importance of training for the 
primary sch-ol teacher more clearly recognized than in Switzerland. 
Thep^ are no fewer than 4 State or private training qplltges for sugh 
t.eachei's’in this httle Republic. - ' " ’ 

SECONDARY SCHOOLS. , 

The secondary schools leading tb higher studies have dijerent- 
names in the different Cantons! College j gymnasej Oherreahchule y 
Kantomclmle. This last is the most common in tho‘German Cantons. 

Examined from the point of view of their external organisation, 
those establishments ^present many notable differences. . We 'gener- 
ally find two cycles. The first cycle is of three or four years and 
forms ,tho coUdgo or gymnase inf^riour; the second cycle comprises 
from four to four and one-half years. Pupils enter this latter cycle 
at the age of 14 or 15 years'. ^ • 

A gymnasium may be. dividefHinto two, three, or even four sec- 
tions, according to the foreign language taught. The two main 
sections common to all the gymnasia are: (a) The classical section^ v 
which leads to all the university faculties (and to the Federal Poly- 
technic. School after special preparation in mathematics), the special 
studiesbeing Latin, Greek, and philosophy; (b) thetechnital orir^usiHal 
section, which leads more particularly to scientific, technical, or indite-^, 
trial careers. The students who go out from this section are^admit- 
ted directly to the faculties of science and pf letters, to the techniced 

* ^though Is not the larftest Canton. It.s fjppiilatlon of about 605,000 Is the frroatest. Tb« Ouitoo 
of Zurich, with an ar^a of some 6T0 square miles, raniis next, with a population of obout 540.000. 

loim*— 18-^13 . m 
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faculty at LausniiHc, anil fo the Fc<lcral Polytechnic Scliool. The 
gynmasiura;it Geneva possesses two othpr sections: (c) the Jtfalnoa. 
turn, in which Latin is tnuKht in a.ldition to modern languages ' (It 
corresponji dniost exaptly to the section Latii.^ciences in France 
or to the Kealg.nniiasiiini in Germany, and its certificates of gradua- 

' ('/) The pedagogic section whici, 

I repares candidates for teacliing in the primary school a’ml which 
also h'iuls to tho faniltios of scionre and 'Jettoi*s. 

. All hough seomdary schools are under cantonal or municipal direc- 

.tu.ih there is in their programs a eerlain necessarv common mini- 
muin hroiight ahoiH hy Federal innuence in connection with require- 
nu Jt for exa,^mfuUrau:c lie'mntimte pour 7ra eamlulat.^ am pro/fsshru,' 
Ihe requirements in malhenialics for <l,is examination 
are as follows: fa) -l/yr'iw. -Eqmjlions of the fiist and the .second 
degree in one and several unkno\yns; logarithms; arithmetic and 
gemnelric progressioiaj; compound interest and annuities; pennu- 
tntions and cymhmalioiis; prohahilities; hinom/al theorem with inte- 
gral exponent (f,) hVowf/ry.- Plane and solid geometry; plane 
trigonometrj'; facility in construction of geometric figures;' analytic 
geometry of pomf. line, circle, and conic; application of the theWv 
of graphic representation to simple analytic functions and elemen- 
tar\ functions of phvsij^s add mevhnnics. 

.Tim iiiathcmatical requirements <.f secondary schools often exceed 
.^tlmse. In 'the Ohemjpis. hule of Basel, whi.-li is open to suital.ly'’ 

TsEl'''' couives is 

„ f ‘‘***/' »"<< »lRol>ra to »,a ,i ioas ol iho first dcKrec in several unknown^ 

.Class It. Al;|„l,ra: Theory olia.lices, logarilhnis; is|uations of llic second decree 

^ rilTlI, t <ieon.e.ricdraw4,2houra). ' 

- • ■ III. Algchra. I rogresoons; coinpomid iiilercsl . aiimiilie.'* and apnlicalions In 
insurance: deterimnantsC hour,.). Flaneand Hidu-ricalirigonon e ry (3hou«T Te^ 

metric drawing; witl. practical cxenw.. (2 I, otiw). « “f'O (j hours), (.oo* 

(llass I V Algebra: Ilinoniial ihw.reni; ..erie.si complex nutfibers- solution of ehua 

' hounl Slri I""''''''’’ «'l'''‘'i..nH (2 hours). Analytic geomet^ 12 

houw). Discnpto e geometry and goonietru- drawing (i hdlirsl ^ 

Cla^ \ (1 seine.aer). Elements of difTeronlial cah ulus w'ith sinlple aimlicaliohs to 
geometry and phy.s., s (:t hoars)/ Analytic, geometry of three dinSs 3 r^; 
Deacnptivegeomctry^nd drafting (4 hours). . ' 

At the end of the gymnasium eoiinsc a certificate of maturity is 
sTfii i" 'Written and oral examination? on the 

wCr h «'• ITic examiner is the 

or!f?h!* ** >8 conducted. under the supervision of 

In nln rir^n^ in the Cantons. 

• In nonrly aU the examination rules, it is noticeable that greater 

erj^nhaaLs « laid on the display Of intellectual maturity than on range 

of Wledge.' The “maturity Tulcs” of the gymha.sium and Retl 

. . ■ '^ 1 .* ■ . • ■ \ ■ 
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echool in Zurich stator mathematics and descriptive geometry 
the pupil shall indicate any new problems or applications winch sug- 
gest themselves to him.'* At tho Ite^alschule in Zurich the oral exami- 
nation is conducted in a manner similar to an ordinary class. The 
inspector makes a choice of. three subjects proposed to him by the 
toiK'her. Sonit: of the examination themes during the years 1907- 
1010 are as follows: Maclaurin’s series; the equation tan j; maxima 
aful minima problems in optics; sketch of the applications of tho idea 
of the derivative; Huygens's approximate construction for tho recti- 
fication of a circle: prob^ms on geographic and geocentric latitude; 
analytic treatment of problems froni Steiner’s paper '"Ueher das 
Maximum and Minimum bei den Figuren;” curvature of conics^ 
perspeeftive of circular cones; construction of sun dials. 

^Vll schools unite in the opinion that tho g^adc in the certificate 
of maturity shall not, in general, depend upon the examination but 
rather on the performance of the pupil in regular classroom work. 

, \ . HOCHSCHULEN.* 

Pupils- with appropriate certificates of maturity may be regularly 
admitted to: (1) The Iiidgeni^^ftische Ttchnische /lochscJitde (Federal 
Polytechnic School) in Zurich; (2) a cantonal Ecole d' hginieurs \u 
Lausanne; (3) seven uni versifies. In all of these training in advanced 
mathematical work is given. 

. (1) The Polytechnic School, which is the only Swiss scholastic insti- 
tution under the direct supervision of the Federal authori’tios, is one • 
of the greatest institutions of its kind in the world. It is org*Miized 
into 11 sections, each with a course of 4 to 8 ^mesters. Most of 
the Students , turn to the engineering and chemistry sections. But 
somewhat over .a score are iiiMhe section of mathematics and physics. 
The wotk of this section, is supplemented by the general section, one 
part of which is known as the ^‘Mathematisch-iiafunvissenschaftlich- 
techrwsche Sektion.’’ • , ; 


Schane of lectures in the mathematics and physics section during the first three semesters. 


I.0ctiire0. 


ExerdMii. 


Colioqlum. 


I. Semaeter (24 hours): 

Hiclisr nmthoniatirs t 
Anulytic coonielry. 


I )»criptl ve gehhietr V. 
Mathematical 


Si exercises 

2. Semester (25 hours): * • 

Higher matheniatics II 

^nticatioiM of descriptive geometry. . . 

Mathematical exerciseat 

Mechanics I y. L. 

3. Semuater f22 houm): * . 

Higher mathem&tijnin . 

Oeometry of position .... 


Mathef^lcaleterciees. ... . 

Mechamall 

Physics (hMt) 






3 


Iloura. 


. Ilourt. 


. t CJ. note on p. 78. 
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194 tkachers of mathematic^' for seconx>ary schools. 

Some of the topics in MathematWs 11-111 are the following: 

Space curves, tangent, principal normal, and hinonnal, osculating 
plane; ordinary difTerential equations; equations of the first and higher 
order; linear equations of any order: systems of sinnd.taneous linear 
difTerential equations; nirvilhiear integrals: Cm>en’s formula and 
harmonic fiuictions: ^conformal re present at i<yi; Fourier’s scries; ele- 
ments of calculus ('f variations. In analtjdr ^promrtn/: Analytic 
treatment of projeetivity, cylinders, and cones of Evolution, general 
surface of Second degrt'c, focal conics, generation of ruled surfaces 
by projective pencils, hi geometnj of poW/fon; Pnqective forms of 
the first, second, third,, and fourth species, ' 

From the fourth to the eighth semester there is no fixed program 
of mathematical work, hi/t the. following courses are given periodi- 
cally. Function theory, elliptic functions, algebraic equations, num* 
her theory, difTerential geometry, plane curves,- algebraic surfaces. 

; During Uie last two years, such instruction is supplemented by dis- 
cussions in the niatliem^l^cal seminary, and lectures on »pt>cial 
topics such as: QuadfaW.fe^^^ theory of definite integrals, rtieory 
of transformation groups, axiomi of aritlunotic and of gt‘ome try, line 
geometry. In appliecj imilliemat ics^the titles of some i»f the c<Virses 
given in recent yearn an-' Partial difTerential equations of physics, 
cylindrical and spherical hannonics and their applications in physics, 
el^’tro-niech allies, thermodynamics, celestial mechanics, astrophysics, 
mfep niakbig, theory of probabilities, mathematics of insurance. 

To able students who hayo assiduously applied themselves to the 
work in a sectioiif a diploma is given %fter successful oxrijnuiation. 
The examination comprisi's three pa^ (a) The Vordii>lomj)rUJur\g, 
on subjects of the courses of thp firstfhree semasters; (6) the Schluss- 
on fuiuqi^^ synthetic and analytic treatment 

of geometry, higher arithmetic and algebra, theoretic physics and 
astronomy; and (c) the Diplomarbeit, or thesis. ^ 

' At the pblytecimic sciiool niuthematical student may proceed 
U) the doctor’s degree in the usual way. The standard for the thesis 
, is high. 

. (2) Zi EcoU d IngenieuTSy although part of the faculty of sciences 
of the University of Lausanne, has a certain measure of autonomy, 
^e clnsswork (39-43 |>eriuds a week) of the first four semesters 
inclu4es about the same -amount of inatiieinatics os in the first •three 
semesters of the abovo-mentioiiod section in the Polytechnic. L'ficolo 
•gives diplomas in civil, mechanicSl, electrical, and chemical engi- 
neering: . 

(3) The Swi88 IZnivcrFifiea are situated at Basel, Zorich, rBern, 
Genova, Lausamie, Fribourg, And Neuchatel. In the winter wmesler 
of 1913-14 Zurich and Bora had the largest teaching jBtaffs and the 
largest number of students; Geneva came next. 
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196 “TEACHERS OF MATHEMATICS TOR. SECONDARY SCHOOLS. 

, two parts, an oral and a wrfttpn. The oral examination is qn func- 
^ tions of a real variahle. scri<?s. theory of e<|Urttioite, plane and solid 
aiiAIytic.peoiiietry, d«'scriptive «reoinotrv and the elements of pro- 
. jective peonietry, differential and inteKnil ealeuliis, meehanira. 

^ astronomy, ph\-si«'s. physical >;ep<;raphy and meteorolo};v, inorpanir 
• cljennstry. and miiiVralocy. 'Hie writt.m exnminatj..n.s cover idl ,.f 

the ahove-meniioned snhjeots except the last four. ■ 

In 1 90S the university estahlisherl the crrlificat iiaptitud/ a 
rffUin^nnufitt drs srinicfs ,hi ns Us tlahUyfms-iitsisfconJnirfs suf>^rirun, 

, A candidate for this ccriilicate must (I) liave the <liploma of the' 
“ haccaUurf'at'* fn.m the univcivity: (L>)‘ spciUI h.iir scimfsters in fur- 
ther stilly at the university; and (3) linally show himself well versed 
in six academic, studies. Tlic e.xaininalion consists of two parts, 
Imm h of .which ma’y he taken at once. Tln> first part of the examina- 
tion isi^'the.sis on a thenn- .select ei| from the fiehl of the major subject, 
and tW(v triaf lessons related to tlie mmors. The-second part, consist.i 
/ of an oral e.\nininnli<iii in the threV suhji'cts chosen. Tlie major and. 
/ one iniiior are seh-cted from tluAfollowing; InfinittSiimal anah-sis 
- 'alpehra and higher (;conjclry, mechanics. a.stn)noi>y, . phvsi(>!^ 
chemistry. Ihe third subject, or sWond minor, is, “the science of 
education, unless tlie candidate hits\hc ccriilicatc of maturilv from 
the peilajroeif section of tlie eymhasiiitn in (icneva, or iin e<|uivaient'^ 
■ certificate, when philosophy or e.xpcrimenlal.j»sycholo<ry i.s suhslituf<'d , 
for the acient'c of <‘ducalion. ’ . * * , . ** 

In the ond examination some Choice of suhjcct.s is po.'^sild^^. Ip 
Infini(fsin<oi Annfi/sis two of tlie following subjects miiv he selected: 
(a) Thm.ry of amdvtic film>tmns;' (W theory of elliptic functions; 
(f) dilTerentiaJ c<|Uations; (</) |mrlinl (lifferential equation.s of tlie first 
^ ordef; (c) calculu.s <»f vjirinlioiis; (f) ihtroductiom to mathematicid* 

physics (trij'onometric series, Cireen s fornfula. etc.).. In Alijfbni.ii ml 

Higher tifonirtn/ the>(>xamimition cMvers: (n) 'riieorX' of C(|ualions, 
equations .sideed by .sqimre roots, applications inZ'cometrv; tran 
scendence of e. and ir; (/») methods in •peoniet rv7 (c) infinitesimal 
gj^metry, curves traced on surfaces, appliiable surface's, and 
(d)_oneof the following: (i) 'I'heory qf n|gehraic firms; linear trans- 
formatrons; invariants; geometrical ajiplicatiqns;' (ii) notions on t|lc 
theory of ^^st it ut ion groups and its applications to tlie theory of 
cqimt.ions;Tiii) projective geometry; principal properties of conics 
and quadrics;, study of some trunsforiiNitions; (iv) lino geometrv; 

ruled surfaces; congruences and’ comple.xes of lines. In iffchanUs 

two of the following suhject.s may he snier ted: (<^) Geiieral methodij 
for intt^raf ioii of equations in mechanics; (b) kinematics and nmchiiq 
ery; (c) hydroskRtics and hydrodynamics; and (rf) Uieofy of elltelicity’ 
In At^nomy the examination is on practical asti|)quoiy and geodesy, 
and either spherical or theoretical aslronoiyy. 


V • • 
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Upou satisfaction of. tho usual nHiui-rcnionts, the university also 
runfci’s tho (lopiioe doctorat s^*ioncos inath6tnatiquf«. 

At tho Vi^hrrsUy of L<iw.ww«c a atudont who hits pursued certain 
cmirst's for four^sCmcstors lua V pi oscnt himself' as a canditlato for tl» 
Ijcenco cV srioneca niatli^inatiqiM^s pnros. Thv oxaininatn>iis for 
this degree are onil, written, and practiral. The oral covers dltferen- 
lial and integral calenlu'i; theory of analytic functions; eHiptic 
functions; analytic geometry; ah*seriptivc peoniftry; gi‘oinetry of 
javsition; ratit^niU nieehaiges; applied njechaidi^s; astnVmuny; mat he-* 
majieal pli\:^cs: and seJeetiMl chapters frxini. nnaU’sisJ geometry-, 
and analytic meelmnies. ' ' 

The ^written examination consists of thn'e tosts in anal\^is. 
get»melrv'/and m^ehihiics. Tlie prafliVal ex^imuiation is a gtsunetric 
drawing (6pnre). - '' 

The Licehce es sci(‘nees physiipns et mat h^inatitpn's is given under 
sin;{lar eondiJions. At tin* Ihnvejsity of Lausiiime tin* tlegree of 
tloc4orat tVaeieinM*8 is alst) conferred. . ' 

/ I have already refeCre<l to (In* “'^co!e d’ing^igeurs** nutneeted with 
rfils-nniversity. ; 

'Aeeordiiig to tin* Organization of tin* f 'nnrr.cltjj of , f the 

di])Joina Ln*enet‘ t*s srienr|*s inalh^mnti(pn*s is -iiward(*ii to 'tinh*nts 
wln» have* atn*mh*d and havt*Makt*n |>art ih the j»raeiieal exerris«*s of a 
Hoehselmh*. ^^iu)t less tinoi/v.eighl senn*st«‘rs (two at l(*asi at Frir 
hourg). ami havl* passed suco'ssfiil examinatioirs in .four siihjeets; 
(u) DilFen*nti»iJ anM integral ealeiilu:?. iin lmling fin* theory of delinrte 
iiitegraJs. of different iai .mpial ions, anfl. of ^lilfervidittl geometry; and 
{h) analytic ami syntln*tic g^onn*t|;y. d\i* oilier two Suhje<*ts can he 
chosen fi^om r,) funclion theory ami d,) liigln*r alg(*hru. or ej)^*x|ieri- 
meutal physics ainl ain\lvlic; ineehani< s, or ex|)eriiuenlal physics 
and math<*inalic*?d ])hvsies. . ^ 

The^degre«* dm*tor pniiosopliijM* naluralis is .also .eonferretl at- 
I'Vihourg.'*^ ^ • 

. SECONOARY* SCHO()L TEAOHKRS.^ * 

For seroinlary school t<*aeln*rs in Swil7.(*rland tjiere are no fixed 
examinations similar to thos<* for t<*aclnj>t in primary seliools. Nor* 
are tln*n* (*tdh‘ges h»r training such ti*achcO<. idtlnmgh, tis we hnvo 
.s(*en, the l'niv<*rsily of (iein*va has. a pedagogic department. “For 
most of the teaching* posit ions in tho scc(»ndary schools (MitfclschuJen) 
the majority of tin* c'anlons demand fhat^tln* cainlithife t^halJ liavo 
completed a Ho(*hsehule eoursi* of four tir five. \*ears. Sucji are tho 
doinands, for,exainplej>n the Canton of Frihutirg where the Licenti- 
atsdipWme is necessary, and in the (/anton of Geneyit with iia ceKlificat 
d'apiiiude & VenHeiymmeui drx ticiri^fs^dans Us et(thl'lst,^nnent3 gecon- 
daires supfrieurs. 'Tfi<^>se eandidnte^ with a record of hut two years 
in a Ilochsejmie can, usually, oitly be appointed as' teachers in the' 
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lower classes of the better secondary schools. L an exception 
^wever according to a law of 1908 for the Canton Vaud, the licence 
rfaficate, which a candidate may secure after two years at the 

*3 only necessary preparation for a 
teadier in the Secondary schools. Students with a.diploma from the 

Ecole d Ingdnicurs with its two-year mathematical course 'are also 
in aemanci. 

Prpapective teachers who have com- 
pleted their studies sh^ have been engaged for several semesters as 
^istants in the Technische Hochschule; others prefer candidates 
who either before or after university studies have taught in one of 
the lower.school grades. And still others have recently rhade some 
appointments to mathematical positions in Realschulon. of candidates 
ho ding engineering diplomas; ndt so much because of the lack of 
well-trained mathematical teachers as on account of tlio, desire to 
emphasize m the instruction, the applications of matheifiatics. But 
whatever the ba.sia may bo upon which the selection of secondary 
teachere is made, the standard is sure to be of a high order of its kind 
At this place further comment should be made with regard to work 
at the University of Bern. We have noted flic si. x semester course 
for the oriJ and writ(,en PatetUpnifungen von Kandidaien des kdheren 
Lehramis. According to regulations of 1907-1911, the c’orrospondinc 
diploma entitle men to give instruction in the higlier classes of the 
^mna«ia. This diploma implies that tlie posscs.sor has had in 
addition to cla.ss instruction in mathematics ami pedagogy, at least 
four weeks of practical experience in listening, or giving instruction 
to higher classes in the gymnasia. 

For more .than a decade past the Verein Schweizerischer Mathe- 
mahkMrer (Soeiiti sutsse des professeurs des mgthimoHques) has been 
a source ^inspiration to teachers through the opportunities which it 
offere both for socid intefcour.se and exchange of jdeas, and for 
methodic wganization leading to advances, in instruction of the 
science. The feeling is very general among members of this organi- 
zatio^n that the preparation, of secondary school teachers should 
^ways include adequate professional training by means of courses 
in psychology and pedagogy at the university, for example, and by 
means of actual teaching in schools. ‘ _ 

.^ to the remuneration of secondary school teachers, in the Canton 
«i ranged from about S 780 to about ' 

head (raktor) of the secondary school is chosen from the 
sta^ He serves for a period of tliree years and may be reelected. 

K * ordinary teacher (26-31 hours a week) would receive 

about »750. Increases ih saJ^, amounting to about 860 each are 
made at the end of 4, 8, and 12 years of service. ♦ 
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the paage pensions for secondary schools in Zurich, in 1893, was 
from 1200 to $600 annually. More recent information is not available. 
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XVIIi; THE UNITED STATES. » 


Like Germany and other federated States, the United Stales has 
no national system of education. It is, however, a notable fact tliat 
the educational systems in the 48 States and Commonwealths of the 
country arc all constructed on the same general lines," aiui that the t 
differences, although of local importance, oire of a minor character 
when the systems are viewed as a whole. 

In each State one finds that the pupil normally passes in order 
through: (1) The kindergarten, where the pupils are from 3 to 5 years 
of ago; * (2) the elementary school, which has an eight-year course • 
for pupils 6 to 13 years of age; (3 ) the secondary school or high school, 
with a four-year course for pupils of 14 to 17 years; (4) the college 
or iristitution of collegiate rank, for student's from 18 to 21 ; and tlien 
on .to (5) the university or institution of university rank. 

The American secondary school, unlike similar schools in Europe, 
takes tho| pupils at 14, on the completion of mi, elementary course 
covering 8 years. This is duo in part to the earlier establishment of 
elemen^tary schools which aimed to give a general education extend- 
ing in some-cases to 9 or even 10 years. High schools are now veu y 
important establishments in the educational system .^f the country, 
and the increase in their number in recent yearn is enormous. In 
> 1910-11 the number of '^accredited secondary schools in the Ignited 
States w^as 12,213. In 1913-14 this number had increased to 13,714.® 

By an "accredited secondary school " is meant one— • 

which ifi equipped to prepare students lot collcpfos requiring at least H units ^ for 
unconditional admission and which has been investigated and approved for this 
purpose by one of the following agencies: A State of liccr of education, a university or 
college inspector or committee on admissions, or an officer or committee of an accred- 
iting association. * 

This standard impt>se»<light restrjptions on the latitude of the 
. program of study, so that it is quite impossible to itulicalo a program 
in any wis^rcpresenlativcfor even a large proportion of higlj schools 
in the country. But it may be worth while to give (1) a single pro 

» As fllfTerrnt phases of mathematical Instruction an.| Its prol.Iems In the Tnlto.! Stulas have alrea.lv 
receive:! fletalled treatment in reports of the Inlrmational ( omnUsslon on the Teaching of Mathematics 
. published by the lliireau of Kdiication. thls-Mtcfch Is addej mainly for the sqko of completeness. It is 
Intended merely to erophasiK^some outstantllng features an.J to give supplementary information. 

• Here arid ui what follows I shall assume that the normal lower limits of age at the beainnini! of each 
year are coiisiderw). - 

» 8. I*. Capen, Accredited Secondary Schools (Bu. of Educ., Bui., 1916, No. 30)^ Washington, 1916, p. 7. 

«A uiUt represent a year's study in any subject in a .secondary aehool, .ca6sUtiiilng approximately a 
quarter of a full year's work.” This statement takes-(l) the four-ytoar hfgh-school course as a basis and 
^mes that^q) the length of the school year Is from 36 to 40 weeks: that (3) a perio<i l.s from 40 to 60 mlniites 

In length;: and that (4) the stud3' is pursue I four or five peiio Is a week. ^ 

•8. P. Capen, AuredUed Secondary Schools (Bu. of Educ., Bui., 1910, No 20), Washington, 1916, p. 7 
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gram, and this of a well-known school founded over 270 years ago; 
and (2) illustrations of the variations of accrediting Agencies.’ These 
illustrations roughly indicate the relative importance in which sub- 
jects are rcgardctl by large greu[>s of schools. » 

(1) The program selected Is that (without Greek) of the Roxhury 
Latin school in 1915-16. The collide of study there is designed lb 
afford training for boys between the ages of about 12 and 18 and to 
(|ualify thos.e who complete it to enter Harvard College, or other 
colleges or scientific schools, like the Institute of Technology.* The 
entering students are in the sixth class, those graduating in the first. 
TJie work covered in the fourth; third, second, and first classes ia that 
which corresponds to the typical'high-school course. Tlie numers 
in the different columns arc class periods of 40 to 45 minutes. ' 

Class ^riods in the Roxbury Latin School f 19 J 5-1 6, 


*. .. .. X 

Subjects. 

‘Sixth 

cla^.. 

Fifth 

-‘Ciissr^ 

Fourth 





X-' 

oent- 

age. 

Total. 

“TBSss. 

class. 

% 

clos.s. 

■ 

cl^. 

English t 

190 

152 

1.52 

114 


114 

m 

13.7 

Latin 

190 

190 

190 

228 

190 

190 

1,178 

• 20.3 

French 

Herman • 


190 

190 

1.52 

IVO 

1.52 

190 

190 

iwt 

874 

15.0 

History 



114 

3S 

114 

114 

iw 

342 

9.8 

Mvthologv 




3^ 

6 . 9 

7 

Heography...*. j 

76 






76 

228 

. # 
1 9 

I’hysics ■ 






224 

J* d 

7 th 

Chemistry 






228 

97H 

Q 11 

Klenymtary .science 


76 



• 


an 

0 . W 

1 4 

Trigonometry and solid geometry 

4. 





152 

<o 

152 

1.^3 
2 6 

riane geometry 


70 



iw. ■ 


d A 

Algebra 



190 




Am 

4.0 

5.9 

4 Q 

Anlhmelic. 

114 

114 



228 

76 

Writing .• 

76 






1 1 

Drawing 

76 

76 





152 

1* 0 

Gymnastics 

' 76 

38 

38 




1.52 

2. 6 
9 A 

Music 

3H 







A. 0 

.7 








Total 

836 

912 

912 

9.50 

912 1 

1,292 

5. K14 

100.0 

^ ^ 


;■ 



1 





(2) Tho rango of work accepted by accrediting agencies is shown 
by thefollowing illustrations: 

(a)^Tho College Entrance Examination Board recognizes the fol- 
lowing subjects as permissible in a stan<lard hi^h-schdol course:* 


Spaniflh ^ 2 

History 4 

Science..: q 

Drawing...' 1 

Music..*. 2 


ii 


Un(t8.< 

English, up fo 3 

Mathematics • ; 4) 

lAtin ; 4 

(ireek 3 

French 4 

German: 4 

* Fot a ^tscu.sRion of entrance to coIIpro by examtnatlon. fw»e " Rraminaiiotut tn msthematiei nihn than, 

nsiie tet fry the teacher for oirn ela$$e».** International ComraisHtafi on the TeochtoK of Mattiematics. 
{Bu. ofKduc., Bui., l»ll, N0.8.) WoshinKlon, 1911. . . 

> Quinquennial cataioyuc Roxbury Latin 8chop^l916-16. 

■* College Entrance Examination Board. Docurncru W, New York, flee. 1, 19H, pp. 11-12. 

♦ In each case the number of units given is the maximum number which can be taken in tho corresponding 
lubleot. In mathematics credit may be obtained for any number of half units up to nine. 

• Three quinquennial volumes of Examination Questions In MaUieniatics’* of this board have been 
published In Boston. One volume is for ttic period 1901- 10a% another for 1900-1910, the third for 1911-1915. 



. p>) In contrast to thisi^chodulo there are State uhiversitiesjiMd 
privatdy e^jdowed institutions, like Leland Stanford Junior Univer- 
sity, which permit a Tvido range of electives. The University of 
Minnesota, for example,' accepts the following: 


Units.* * 

■English 3 

Mathematics 2 -3J 

Latin ... 2 -4 

Greek 2 

French 1 ^ 

German 1 -4 

Spanish 1 -4 

Scandinavian ! 1 -4 

History and social science ^^7 

Natural science T ^6 

Agriculture 1 .4 

Normal training subjects 1 -3 


V ^ ^ ^ f Units.’* 

Vocational subjects (made up of the 

following).. ^ 

Business arithmetic...^ ^ 

Business law ^ 

Bookkeeping j _o 

Stenography a^B typewriting. . . 1-2 

Freehand drawing 2 

Mechanical drawing 2 

Shop work * ' 2 

Modeling and wood carving 1 

Domestic art and science, up to . . 4 


(c) Finally, it may bo of interest to give a composite picture of 
class work in the 15 States of tho North Central Association (Colorado, 
Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Mon- 
tana, Nebraska, Nortli Dakota, Ohio, Oklahoma, South Dakota, aiul 
Wisconsin). The percentage of units given in the (lifforent subjects 
of tho high schools of tliese States in 1913-14 was as follows: » Englisli 
*(13.1), Latin (11.5), history (9.5), commercial (9.2), Gorman (8,5), 
algebra (5.2), goohiotry (4.8), manunl training (4.7), physi«js (3.3), 
domestic science (3), chemistry (2.6), cooking (2.5), dmwing (2.5)’ 
sewing (2.4), normal subjects (2.4), agriculture (2.0), botany (2.0), 
French (1.7), physical geography (1.7), music (l.6), civics. (1.5), physb 
ology (1.2), zoology (0,9), education (0.8), other subjects (1.4). • • 

After commoting his high-school course our future teacher in onb 
of the secondary schools must of necessity take a college course. 
There are upward of 800 so-called “colleges” and “universities” in 
the United States, but many of those are really secondary schools. 
In li908-9 there were only 261 coll^os which had 100 collegiate 
students enrolled in the four regular collide classes, or which had an 
endowment to the amount of 1100,000.* There are about 40 endowed 
and 40 State univeniities* in the United States. The student who 
wishes to go to ono of tho chief univorsity mathomatical centers would 

1 Illastration given by ('apen (/. c.). 

*In each case the number of units given Is the maximum number which can be taken In the.corrA> 
spending subject. . 

• 0. 8. Counts, A atuiy of the Colleget and High 8ehool» in the North Central Auoeiation. (Bu. of Educ.. 
Bui., 19W, No. 6.) Washington 1 1915, p.- 116. See also tho association's '‘investigation into the status of 
the teaching of almost all subjects appearing fan the sc^ndary schools, programs of study," byL.V. jG>os: 
^ Aiminittratim of Becondsry-^cAoal Untu,- 8,upplementary Educatlonai Monographs, Univonitv of 
Ghlesgo, Tol. 1, No. 3, July, 1917. • 

f Monroe's (^etopedia c/ EdwaiUmf vol. 2, p. 74. . ^ 

• *Thm are also about 50 .State colleges. See Statittice of State Univertitiee and State CoUegee (Bo. of 
Educ.; Bui., 1917, Nb. 55), Washington, 1918. 
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probably select one of /the following: HaiVard, Chicago, Illinois, 
Princeton, or Columbia. / 

The college course lejids to the degree of A. B., Sc. B., Litt. B., 
Ph. B., or some other degree of similar rank, but^e title alone does 
not convey a very debits idea of achievement.* 


As to vrork leading to the degree of A. B., some colleges do not 
require any courses in mathematics; others, require liiglior algebra, 
solid geometry* *, plane and spherical trigonometry, plane and solid 
analytic geometry, calculus and differontial equations. But the 
normal requirement is a three-hour semester course in each* of the 
su))jects: (1) Higher 'algebra, or (2) solid geometry, and (3) plane 
trigonometiy.* If our imdei^raduate student wishes to proceed in 
mathematics beyond the required w^ork, the opportunities for doing 
SO vary widely with different colleges. In one none but required 
courses in mathematics are offered; in another so many courses in 
mathematics ar(^ offered that under the ** elective system*’ there in 
vogue it woijtld be possible for thp student to elect tlv) major part . 
of the courses he takes for his degree from those given by the depart- 
ment of mathematics. ‘ v 

THE TRAINING OF TEACHERS FOR SECONDARY SCHOOLS, 


But before going int6 this question more particularly let us con- 
sider hoiij a student who is tAkihg a college course may definitely 
prepare himself to bo a high-school teacher. To get a broad view 
of the question, we should recall the ** joint recommendations of the 
committee of seventeen on the professional preparation of high-school 
teachers,** adopted by the National Education Association. 

The committee on the preparation of high-school tca^-hers recommend : 

I. That the academic preparation include the following elements; 

A. A detailed and specialized 'study of tho'su'hjects to bo taught. The program • 

. of studies selected by each student should include work in subjects out- 

side of those in which he is making special preparation, sufiicient to give 
some insight into different fields of knowledge and to avoid the dangers 
of overspecialization. . , * 

B. One or more subjects from a group including history, economics, and 

sociology, which will give the ^acher a proper outlook upon the social 
aspects Qf education. • 

C. A course in general , psychology and at least one from a group of subjects# 

including history of philos-:>phy,. logic, and ethics, which will gfve the 
teacher a proper outlook upon education^ as the development of the 
individual. ' • . 


. 1 Id ion ths Boresu of Education published an interesting tloMBification of UnimtUk* and Sbfi^et with 
Hefertnce to Ba^kn*9 Degrea. The author. Dr. K, ('. Babcock, a specialist in the. bureau, divlded the 
Institutions into lour classM^ The first and highest olass he defined as Institutions whose graduates 
would ordinarily be able to take master's degree at any of the larger graduate schools In one year after 
receiting their hMhelor's dSgree, without pehessarlly doing m«e than the amount of work regularly pr^ 
scribed, for such higher degree." In the flrst class were only 15 State and 44^dowed and private instltu* 
tiODs. Bee also Rap. of ][J. B. Commls. of Educ. for 1914, vol. 1, Washington, 1016, p. 168^, 

* Compare l^ndergraduaU Work in ifaihematico in Cotlege* of Liberal A rto and Unkeriitie^^nimuMoDal 
CommissloD on the Teaching of Matbematlos. (Bu. of Educ., B^O^lOll, No, 7.) Wadt^^on, 191U 

. . ■ ' . \ • _ _ • ■ ■ ■ . 


ki 



II. That dehnitc study be jdven to' each of the following subjectSt either in separate 
courses or in such eoniJunations as convenience or necesaity demands: 

IJistory of education, 

1. History of general education. ' 

2. Ilistor>'' of sev'ondary education. 

, B, Educational psychology with emphasts on adolescence. 

C. The principl(*s of education, including the study of educational aims. 

' values, and processes, t ourses ingeaeral method are included under this 

heading. » 

7). Special methods in the secondary-school subjec-ts that the students exj>ect 
to tea<’h. 

E. Organi/alion and management oj‘ sc'hools and school systotps. 

F, .School hygiene. 

'III. That opiwrtunity for observation and prjU'tice leaching with sct'ondaiy^ pupils 
be given! " ' • 

^The committee recognizes the difficulties involved in this mconnnehdation, 

. but believes that they 'are not insurmountable. Each of the follondng plans 
has proved successful hi some instiinces: 

A, The maintenance of a school of secohdaiy-school grade that may l>e used 
for observation and practice. 

B, AfliliaCion with public or privj^^igh schools so situated geographically 

• that practice teaching can be done without interfering with other work of * 
the college course. 

In addition to the above, the committee Suggests that where competent 
critical supervision is FKxs.sibIe. cadet teaching, in schools more remotely • 
situated, may be attempted. In such cases, a teacher ‘s diploma might be 
granted after a year's sueeessful work as a ehdet teacher. 

IV. That the minimmn requirement for a soeondaiy-s<'hool teacher be graduation 
from a college maintaining a four-year eounse and inquiring four years of high- 
sc hool work for admission, or from an institution having equivalent requirements 
for admission and giving equivalent oc'ademic scholarship. 

A year of graduate w'ork divided between academic and professional subjec t's 
is desirable. Discussions of the relative value of college and normal Schools for 
sec’ondary-sc’hool teachers are to be found in the references below.* 

V. That the study of subjec'ts meptioned under II be distributed through the last 

two years of the college course. • . 

The profxirtional amount of time given to those subjects will vary with locpi 
conditions, but an irreducible' minimum is one -eighth of the ^college* course 
They should be preceded or acciompanied by the subjects mentioned in I b. (*, 

• Recomrafcndations as to the amount of time given to parlfcular courses will bo 
found in*' several of.tho accompanying papers.* ' * 

It will now bo illuminating to oonsidor*in detail a definite scheme 
involving practice teaching in a manner which has won high praise 
from prominent authorities in recent writings.’ I refer to the pioneer 
system at Brown University, in Providence, U. I., where it has been 
in operation for over 20 years. The fundamental principles of the 

1 Olven on p. 638, Proc. Nat. Ed. Assoc., 1007. 

*S«o tbc»raport In Pfoc. Nat. Ed. Aasoc., 1907, pp. 621-668., 

F. Brown, Thetraininffo/teathat/oneamdar^ ickooU in Oernumy and thi Vhittd Statei, New York 
1911, p. 242f. W. 8. I.e^ed, The Obfrlrhrrr, A study oj tht social and profcssipnal emlution <^th€ Otrman 
sekooimaster^ (iJarviflc^ludiefi in Education, Vbl. 1). Cambridge, Maes., 1914, p. 131f, 
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sclioiiDo which has boon advocatod as worthy of wida accoptanco have 
boon siinimarizod by Prof. Jacobs as follows:^ 

r. Practice teaching should bo^^n only to graduate students; that is, students 
who hold a bachelors degree. Thi^>rule is infle.\ible and has never been broken. 
Brown Univensity looks^askaiK'e u^n the cusi n which has developed of including 
practice teaching and extended professional preparation as a part of the four years’ 
work for the first college degix'e and regards it as a lowering of standards. It. holds 
that a fifth year of college work is nc(Vssar>' to the proper preparation of ^ondary- 
8cli(H>l teachers. . 

2. Practice tgiuliing should be under at tnal schoolroom conditions. Hence, Brosm 
Tiux er^tity uses for iu prac tice teaching the public and private sccondaiy^ schools of 
the city of Providence and neighboring cilifs and tow ns. 

:k Police teaching should include the continuous instruction and control of a 
class for a long period. At Brown University the amount qf practice teaching 
re<|uirc'd varies from a minimujm of 5- periods a week to 15 periods a week for one year. 

St Helen t toaeheirs teaerh ver>* few clasw's, but they teach them continuously for a 
seniester or a year. After many trials it has been found l>est to limit the student 
tc'aehers to one or two subjects. To give a few sporadic lessons l)efore a class is one 
thing; to teac h a subject coiitinuously is quite another matter. ^ 
i. Prac;tioe teaching miwt l>e under the continuous ciiradt dr indirect supei^dsion 
^ of an exi>erienced teacher who knows the school, the class, and the detailed progress 
of the subject taught. Hence, all supervising teachers at Brown University arc 
61 ‘locted from the experienced teach(*rs of the schools. Each student teacher has one 
sniHTyising teacher, and each 8uix>rvising tejicher one studiMit teacher. The w'ork 
is j^trk^if^ individual. 

5. Practice teaching must clftscdy correla^ with the university work. At 
Brown University supervising teac hers are selected by the UBiversity and paid a^ 
small remiinenUion. Each stuclont teacher is visited once a week by the professor 
in chaige of the prac tice teaching, and private conferences arc held. He also meets 
once a week in a general conforonre all the student teachers. Plat> hooks for the past, 
week are presented and discussed and latc>r returned to tjle student teachere. Student \ 
teachers are at thc^same time piireuing other courses— (1) in education, a course in \ 
secondary education and a seminary in current educational problems, and (2) in 
departments allied with the subjects they are teaching. 

Student teachers whd teach more than* five periods a week usually receive some 
remuncjratioD for their work from the school. In the case of the city pf Wovidence 
this is provided for by an agreement between the university and the city of Provi- 
dence. In other cases it is arrangecl as the ca%c*s arise. Student teachers who have 
shown themselves efficient are assigned other classes under supervi^on. For this 
work they receive remuneration. The work then becomes closely similar to what 
is known as “part-time work” in vocational education. The work at Brown Vni- 
versity, however, long antedates the vocational “part-time work.” * 

Graduate students who arc admitted to the practice teaching at Brown Univeraity 
usually have taken as undergraduak^ four st^mester coureos in education. These 
courses are: History of education, principles of .education, educational psychology, 
t and general method. In the last course there is some systematic work in observa- 
lipn and.eomo teaching of the class by members of the class. For this last purpose 
the Clara is divided into sections of about 10 each. The student, then, who is ad- 
mitted to the graduate practice teaching, is not a mere novice, but one who lias 
^already had some experience. ' • 

The last principle is one which is fundamental and appears in all of the work. 
Practice teaching must not be an injury to the school or to the pupil, but rather a 


* School and Society, A pr. «, i»l6; vol, 3, p. .034, 
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benefit. Hence the student teacher is called uoon freelv tn * 1 , 

!^^th « doing-riimited amount ol ,1 

work with individual pupUa. or other work which can be aWn^ ^ ^ 

student teacher and to the school alike The ntuHnnf ♦ with profit to the 

■ general requirements ifor all teachom 

the department of mathematics at. Brown University lays down a 
mmimum course of study which it requiifcs students^whrare pros- ' 
Si^ Z mathematics to take if they wish the backirlg of 

® ^ (3 senvster hours), higher algebra 

(3), solid geometry (3), plane analytic geometry ( 4 ), differentia! ard • 
mtegral calculus .(8), teachers- course I algebra (6)/anJ'tellS 
courso rn geometry (6). Thedeatshers’ course in algebra LSS 

the topi* treated are: The number system with specie reference to ' 

;Z TwIlT' . 

> ' ‘ ^ el^-meiTtary geometry the student is taudrf 

^7i attacking Euclidean problems; discussions of famous'^' 
^problems, the existence of transccndeiital numbers and the proofs of 

discussion of 

^wte and difficult parts of the subject, such as the systems of 
a^s, sornethmg about (a) tl^o history and literature of elemeiltarv 

V and English hthra- 

5^^ hour% European history; 6 hours in bconomics and either 
meSi^x pohtiM-science. Other courses are elective 

^ i^ndary;fechools constantly elect 

entiaiiteZ fer • TI “ diff^r- 

'r, of functions of a 

SiozS ffeir : t, Pa«j:ot^nTwrfIediick-s JVofWtcoZ 

AnaZyag^., (3jghe si^-hour corps^m functiohs.of a oomplek variable 
- — — - y nc ^iiBat jHednck^fl work 
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^ jn tangential coordinates (French text by Papelier); (8) three-hour 
course in algebra (German text by Weber, Band 1). 

fa the United States, as in Germany, the general courses in colleges 
and universities have exerted more potent influences in molding teach^ 
ers of secondary schools than any courses in professional training. 
iVU the 'better secondary schools now require that newly appointed 
'teachers shall bo college graduates. Moreover, the ideals embodied 
in the report of the committi'o of seventeen arc rapidiv becoming gen- 
erally accepted and have led to yet higher standards on the part of 
many schools of the best type. 

From the Atlantic to the Pacific there is constant development, of 
schoob of education, j^nd the greatest in the country ^re associated’ 
with, or integnd parts of, universities. Perhaps the School of Peda- 
gogy of New York University, Teachers College of Columbia' Univer- 
sity,* and the School of Education at the University of Chicago are 
the most prominent — the last two being the only schools of the type 
organized for research work in the teaching and history of mathe- 
matic^ leading to the degrees of A. M. and Ph. D. *. • • 

-Another great source of benefit and training to secondar}-school 
tcachers^is the opportunity offered by the recent unparalleled devel- 
opment of summer schools. In 1913, in a group of 29 university 
' summer schools, 282 courscis of the character of pn>fessional courses 
in education were offered.* Such coucses are i^peci ally valuable in 
in^iring those teachers who desire to continue their studies during 
vacations. 

The enonnous increase In the number of high sclmob during the 
past 20 years makes the problem of training teachers for them a 
seriouS one. While the State normal schoob * throughout the coun- 
tr5r deal effectively with the pro*blem of preparing teachers for ele- 
mentary schoob, the training bf high-school teachers is a small part 
of the work bf a faw of *the schoob. fa no case can this tl*aining be ‘ 
considered adequa^ from the point of view of the standard set by 
-the ‘^Committee of Seventeen.” But apart from normal schoob, 
Although 4n practice this standard is fully maintained in such a 
State as Rhode Island, for example, there and in every other State 
except California the legal requirements for certification of hi^- 
' school teachers are not commensqrate with that standard.* 

* Teftchers CoUege, Columbia University, was changed into a MiduRte school In 19U. 

• Itep. of U. S. Commls. of ^uc. for 1913. Washiiucton, 1914, vot. 1, pp. 545^1. 

\ ■ Statoments qiade In this connectloii are based upon Ch. XII in Prabltmt involved in itandariitin^SivU 
Seikoolt, by C. H; Judd and 8. C. Parker. ( Bu. of Educ., Dql., 1916,. No.-13.) Washington, 1916. 

, « For full details on ** The Certlflcatlon of AroericanTeachert,**seep^0t7-235of Tke Trnietfngof Teneherv 1 
/or Aroondary SekooU fn Germany and the I/nifrd Ateles, by J. F. Broi^. New York, 1911. 

101179’— 18 14 * 
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As f« the -‘•(nngible mvanis’’ which form an attraction to the 
high-school toaehcr wo are ahio to give some statistics' but recently /' 
ac<niimilato«l and publishcl.' uuv rtcenuy ^ 

as tollws: 

!. In hnnng morr than inhabitants. 


Mlnlnmci 

iMaxiinum. 

Aventiv. 

I'rineipal ) 

Vice prim ipj\J II.TOi^ 

Head nf dciMkrt men (.. . . * l.rtii 

Teacher I,2«irt 

’■ m". : 

« 1 — — - 

15.0011 

2. 

3, I.jM 

S3. -WTi 

- 2.1m 


i. In citirA hiring nn^I frurr than 


inhohitmtfx. 




M'inimimi. 

M.iviniitm. J A \ erst;,’.* 

?*rinrtpal. 

• ~ — 


I 

il(*ad of deiMirtmcm ' 

Teacher 

I3fi0 

01 

• iiir 



. 

UW 

:y,i 


• ( itifs irith a popuhition o^nrr thin 

S!»n Franrisro: 



Vicepfiric^iul 

Ht-i.I 

To:u'!ipr 

ChlcuRo; 

3.n.«v,i.ft)o 

VtCf (>rmri|>:il 2,l(k>- J.ftm 

?,otlO - 


Xi:w ^'ork: 
I’rinripal. 
Toat'lier. . 
^.oto ! Mosicn. 

I.MMV l.tiMt Frinripa). 



Toaehcr. . . 


Tcaclior. 




I V) i-iXin 

'.lOl)- Cl. i\x 

. M4- ;i. »'»4 
..'Mtv a.:sn 
,Xo- .l,UiO 


^Cihrx inth a population less than 260 ^ 000 , 


Albany: 

rrlnrlpal. . . 

Hoa«I 

Twirltcr * 

Provificncp: 

. Trine j pat 

Vice prinripul. 


rt.(rt) 

II. :«»(>- 2.;>k> 

{««- I.’.MIO 


OAkLatKl; 

Crmripal O.nfKHJ wo 

\ icp priiirlpnl j j ™ 

2,100 


T«Mber;.... , 


•t.OlX) I 

2,:>w) 

I 


Citift Kith a population of It,, than Km.hon hut grtattr than 50 , 000 . 

,_ninolp»l..., *■' 


Head . 

T»«!her isoo- 


I,. 100 


*'*’*«clp.ll 

Vln.|.ri,,r|pol ;■ \- 



1,500 


CUift with a population of Im Omn 50.000 but greater than i 5 ,m. 


Sutcin; 


8sn Pleijo: 

Prlndpal , ^ 

Vice prlnclfMl 2'afts 

Teoditir.. li; 4io- 2,001 

1 . • ■ ■ ' 

■ ' ... . t . 


*2,700 

MOO- 1,000 


' 
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/ In (ho 15 States of the North Central Association already referred 
to, G. S. Counts gives the following table of median aalaries for cities , 
of different sizes: ‘ ^ 

Mfdianmlarie* *inJSntut. 



f 

lender 

2,500. 


5,001- 

7,500. 

7,501- 

10,000. 

lo.noi- 

15,000. 

15.001- 

so.odo. 

50,Qia 

and 

over. 

Total. 

Median salary for superintendents 11,628 

Me<!ian salary for nnnripats 1,068 

MeiUan salary for teachers ' 723 

1 

tl.75A 

1,140 

965 

tbO.'iO 

1,292 

793 

92,000 

1,445 

S61 

92.290 

1,587 

906 

92,700 

2,006 

970 

92.700 

3.014 

1,381 

' |1, R21 
1.358 
919 


Tho first system of tcacluTH* piMisions to ho oj^Uihlinhod in ttio UnitH Stat'oflappcm 
to bo that of C'hioaRb, which was inau^rated in lS9:h Hy the year 19tX) nine otMr 
(»\:<lonia had boon foundod. liy 1910 there wore 25 inon\ Nearly half (31) of all^ 
('f the 8N*aioms, however, have come inlo.exifltonoe sinco 1910. • ♦ • There are ^ 
now Slati'-wide ‘ix'h.'iion systeniw for tearhors in 22 Statoa. There are local sjutems 
in 10 more. Thus more than half of the Statiw aro re|mwntiHl in the movement.* 

The 05 |M*ii!»ion a\’8tom8 lyt'gonoraliy administereil by spe<‘ial hoards, in which the 
teachers constitute a majority. Provision is os a rule made for rotiromont on the 
hx«is of service i^nd disability, hut lisually only for teachers entorini? the service 
aftiT the establishment of the system . Funds are in most oases provided by teachers* 
o.ntrihutions ami hy public appropriation in approximately e<iual amounts, bet the 
' fmitls arranjriHl for are frequently insuificient to pay the pensions that have been 
pruinistHl. ' * ^ , 

In all the sv^stems rotiromont is on the basis of from 20 to 40 years' 
scM'vico, most frocjuontly 00 yours. Teachers contrilmto to the funds 
ill four-fifths of the systems, most frequently* lH)r IJ or 2 j>er cent 
of their salafies. The representative salary (the m edi a n» averages 
ranging from, $307 to $1,197) of the teachers in fil systems reporting 
is .$665 a year. Tlie representative pension iii tluvse sy^stems (60. 
reporting) is $500 a year (the median of averages ranging from $181 
to $1,0.50). 

For full information regarding systems of teachers’ pensions the 
reader should consult the seventli, eighth, ninth, tent^h, eleventh, 
and twelfth rej)orts of the CarnH^gio Foundation, and the bulletin by 
Ryan and King.* 

1.4 Study the polUyetand High ScAoob the Sarth Central AuocUUion (Du. of Rdiic., Uul., (915, 
No.6), Washlncton, 1915, p. 67. 

»ThU para^ph and the f;ict5 whirh folhnv are taken from the admirable "Summary of Teachers’ 
Pensions .Systems" in the T)mth Annu^ Report of the Carnegie Foundation .for the AdV'oncement of 
IwvrhjnR. New York, Ort., 1915, pp. bv>-lC2. In organizing the pension systems no distinction has 
I'een mode l>et ween elementary and secondary.teochers. 

• W. C. Ryan and R. King, State Pe^on Syetemi for Publie-School Teaehert. Prepared for the com- 
mittee on teachers' .•iaiartee, pensions, and tenure, of the National Education Association. (Ou. of £duo., 
Uul., 1916, No. 14). Washington, 1916. 46 pp^. 

Bibliography, pp. 33r36. Typicdl pension and retirement laws, pp. 27-99. 
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. No coasideration of the v^ious forces which influeiu»'and (end ^ 
to raw (he 8(andards for (ho *ainini? of (oachere Iq (ho United States ‘ 
would he complete without reference to the exchange of teachm 
belwwn Russia and the United In response to a'reqm^i • 

romlhe Priuwian minister of education the trustees of (he CanWie 
hhmidation for (he Advancement of Tcachihg. voted in 1907 ^lo 
authorize the president of the foundation to acUas (ho aeonev in 
America for an exchango of leuchc.m of English hetween the United 
States and Prassia. Since that time about 40 of our coUego and 
high-ecliMl teachers drawn from more than a sVore of States have 
been cordlaly receiveil in l*russian secondary schools, 'and a like 
number of IVussian Oberlehrer sept to us were located in college 
umvenuty, academy, and high' scliool. S«>veral of our teaclieis sejit' 
profwS*?* «f niathcmati<;s, one of them being a collegix 

The advantages, direct and iiulirect. accruing from the exchange 
have been verjir great, and more general acquaintance with the efli- 
ciency and worth of. Germany’s system of secondary edimalion will 

surely be a source of weighty mthience for progressive reform in this 
country.; ^ , mi. 

\ BIBM<}<;RAPnY. 

ailtliUoii ^ n»forvnoo3 already pivon in thinrhapler, fho tilloA of tho follouinv 
puMira inn, whieh liaVe . beaririR on the «ul, jet-1, im.l.T dLicnaiiQU may l.e mentione,r 
lDtern,(.onnMon,nn«ion on tho IWhiiiR of Maiheoi.tic. Ameripan iwport, 
published by the Uun>au of Wuoalion, WaabingUin: f ’ 

I. Hrporto/OifAmfrinn Commiiiuwm. (liullotin, 1912, No. U) 1912 

. ‘ ^»I'i?NVl2r g)tl .VatL,atifM. (Hunettn. 

6. Il ori Maihemalia in ColUga of Liberal Arti and Ifni^ 

vrrtihfs. (Bulletin, n^II; No. 7), 1911 

6. 6W«ot< llVt in MalhMa in UnirrmH» and in hih^ InaHtuHon* of 

lAkt(,radf%ntht UmtfdStaUi, f Bulletin, 1911, No 6) 19H 

7. /»/«rnrf. Tending to Improvt>the wirk of the Teeuker \j Maihematke 

tBullotin, 1912. No. 13). 1912, . * 

A Com^mhx^t^ Salariee of Tejichm and School Offierrt. (H„r of Kduc 

Bui.. 1915, No. 31). WaAhinfjtoti. l1»15. . - ’ 

^ rommi,u,on^,aohcT,- 

Salanea and CoH of Lxnng. A tm Arbor, 1913: 20+ 328 pp. 

« r«rdaUU,c«ieiiniln*lli.e»cl>an*,oft,aclMf,b.twMo l>n«slaaiKitli« t’hli«isi..- ... iki._ 
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XIX. SUMMARY AND COMPARATIVE • REMARKS. 


A summary of some of the principal facts in comiection with the 
training of teachers for secondary schools a^ well as comment, 
mAinly of a comparative nature, is given in the following paragraphs! 
^ statements should bo considered in the light of the fuller discus- 
sion in earlier pages. « 

• standards for the training of secondary teachers 

m mtoria and New South Wales are those to which all States of the 
Commonwealth are' approMhing. In' the Teachers’ College and 
University at Melbourne, Victoria, the usual vtiurso of trailing lasts 
four yeai:s—tlfroe. years to obtain the B. A. or B. Sc. degree and one 
.year of special . professional training. The professional training 
include (1) attendance at lectures in the university' on theory of 
education with special reference to the method of teaching the various 
subjects; and (2) 120 hours of teaching under supervision in primary 
and secondary schools. , In New South. Wales similar rcquiremonls 
of at least four years of training after leaving the high school are 
maintained. I*rofessional work is taken up after graduation from 
the muveraity. This consists in part (1 ) of study in philosophy, edu- 
cation, principles of teaching, and. school hygiene; (2) of continuous 
practice teaching (8-10 hours a week). In neither Victoria nor 
New South Wales is^it necessary that the teacher shall have had 
special courses in mathematics in the univeiraity. On the other 
hand the better schools pre/er graduates with “honors” in matho- 
matics. 

II. Austria, To a certain extent the provisions for the training of^ 
secondary school teachers and the conditions under which they work 
are similar to those prevailing in Germany: 

The training requireif for candidates as teachers in the Austrian 
Gymnasium and Realschule is practically the same. There must bo 
not loss than throe and pne-half years of scientific and othet prepa- 
ration (not always good) at a university. ' After five semesters the 
preliminary examination in philosophy and pedagogy may be taken. 
When this is passed application may be made not earlier than the 
end of the seventh semester for the Lehramtsprflfung, with its Haus- 
ttbeiten and oral examiiftitions. After this, m theory only one year 
<4 practical training at a Mittelschidseminar is required, while a second 
year is pwmittod. But m practice very few candidates have had 
m * " . 
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more than a minor part of the training of even a single Probejahr 
before taking up actual teaching. 

The written and oral examinations for the I^liramtsprOfung 
ipay . include mathematics as (1) a major or (2) a minor. In the 
former case (1) the candidate must be familiar with “general arith- 
- metic/* tlie foundations of higlier algebra and theory of numbers and 
their significance for elementary mathematics, elementary geometry, | 
synthetic and analytic geotpctry, differential and integral cal- I 
cuius and its applications to geometry, the elements of the cal- 
culus of variations and foundations of the modern theory of functions," 
and the principal results of investigations concerning the founda- 
tionsof mathematics. (2) When mat hematics is aminof it is demanded 
that the candidate shall have knowledge of elementary arithmetic, 
insight into, the structure of the field of real numbers and into opera- 
tions with them; knowledge of elementary geometry to^the extent 
of what is taught in secondary schools, and exercises in space per- 
ception; accuracy and speed in the solution of simple examples 
applying the idea of a function and the eleiuerits of dilTerential and 
integral calculus to functions coming up in secondary school work. 

The candidate is given three months to prepare the Hausarbeit 
on some subject not discassed in the lectures at I he/ university. 
\\\ih mathematics as major recent Haubsarbeiten have dedlt with 
such topics as: “The theory of Fourier series ” ; “Theta functions and 
their applicatioife in theory of surfaces of the fourth order''; “Method 
of derivation of large prime numbei-s"; and “Algebraic treatment 
of the 27 lines on a cubic surface." With mathematics as a minor: 

“ Weierstrass's theory of irrational numbers," “I^opcrties of the 
nine-point circle," and “The theorems of Fermat and Wilson." 

-The Probejalir includes observation of teaching methods, practice 
teaching under directions, the pFeparation of reports afid Vleekly 
conferences with the staff of the Seminar on such matters as teach- 
«. ing, school discipline*, pedagogy, school hygiene, and new pubUca- 
iions of interest to teachers. 

It is deplored that teachers of mathematics in the Untergymnasia 
and Unterrealschule may have hud only the scientific training 
required when mathematics has been taken as a minor. 

III. Belgium . — The dipl6me de sortie of an ath^n^e royal, or of 
certain of colleges entitles a student to enter one of the uni- 
versities at which all" teachers of the ath^nt^’es are prepared. The 
inspectors of studies and professors in an atli6n^e and therrector. (or 
head) of lower middle school must. have secured the dpetor/s , 
degree, and th^ masters (surveiUanls) in an ath6n4e nni^^ave the- 
university diploma of “candidate." (The four universities include 
two State establishments, the free university at Brussels, and the. 
Roman Catholic University at Louvain.) 
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- During t^e first two years the student prepares for examinations 
lead^ to the certificate as “Candidate in physical sciences and 
mathematics. ' The examinations of the first year are on: Ana- 
I^ic geometry, plane and solid; descriptive geometry; higher alge- 
bra and the elements of the theory of determinants; differential and 
integral calculus (first part); analytic statics; experimental and 
laboratory physics. For the second year: Logic; psychology; moral 
philosophy; projective geometry; integral calculus (second part)- 
elements of the calculus of variations and calculus of differences- 
pme kinematics; crystaUography ; and laboratory exercises. 

... j examinations for the doctorate occur at the end of the 
t^rd year They are on: Higher analysis; dynamics; general math- 
einatical physics; spherical astronomy and elements of mathematical 

astronomy; elements of the calculus of probabilities with the theory 
of least squares. . v 

The subjects of the second set of examinations for the doctorate 
(in the fourth year) include: Mathematical methodology; elements 
of ther history of the physical sciences and mathematics; and one 
of t^ fiver foUowing groups chosen at pleasure by the candidate: 
(o) Higher analysis; (6) mgher geometry; (c) analytic mechanics 
and celestial mechanics j (d) mathematical* astronomy and geodesy - 
and (e) experimental physics and mathemaUcal physics. The exam- 

‘^P” « somewhat searching, as the thesis 

has to do with the development of some part of it. The th«s must 
be pubhcly defended. Prospective teachers must also give two public 
essons, the subjects for which are designated in advance by the 
juiy and chosen from the program of the ath6n^es. 

The young doctor is quaUfied to teach in an ath6n«e at onceVithout 
any professional traimng. In general, it is, however, only after • 
several years m some such minor position as surveiUant that he may 
roach the status of a professor in an ath^n^e. In the large cities 
the salaries, corresponding pensions, and social position connected with 
.such a chair are attractive. 

IV. Dm^i.—Thp university course for the scientific training of 

usually ends in about six jmara, 
the Skoleembedsexamen. This examinatioh consists of two 
parts, covering the major and two iqinors ; if the major is mathematics, 
toe minors are wtronomy with applied matltltoatics, and chemistry 
into ph^cs But m ^dition to these «^t the end of the firet.year 

W ®“‘*”***f the “Filosofikum," an examination in 

to^c, psycholo^, and the elements of the history of philosophy, 
m^titles hm to . the degnM candidatus philosophise. Having 
passed toe Skoleembedsexamen he is capdid atus ma^terii. Aftw 

I Till, wrtiacy. ytff amOj wtiwpopji to Uit bylMloc’. 0^ in ihi. ^ri tlrr. ~ 
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two years of profcssionftl training (a year in the State Pedago|pc 
Seminary and. a year as assistant, regular teacher, in aSAtilor 
private secondary school), or its . equivalent, the candidate is finally x 
examined *as to eligibility to teach. In ;view of the eight years of ^ 
such training, the salaries are pitifully small. ^ \ 

In the first part of the Skoleembedsexamen the mathematical sub* 
jects include: Plano and solid analytic geometry, theory of infinite ' 
series, differential equations with a single independent variable, total 
and partial linear differential equations in three variables, differ- 
ential geometry, statics, kinematics, hydrostatics, and advanced 
portions of gymnasial mathematics from a higher point of view. The 
second part of the examination with mathematics as a major includes 
questions on such subjects as function theory, elementary number 
theory, methods of descriptive geometry, synthetic and analytic pro- 
jective geometry, and mathematical history. 

V. England . — ^The amount of mathematics taught in English seo- 

ondary schools varies from such a program as the elements of arith- 
metic, algebra, and geome^fy required for a London University 
matriculation examination, to programs which include trigonometry, 
synthetic and analytic geometry, theory of equations, differential 
and integral calculus; statics and * hydrostatics — indeed all subjects 
necessary to prepare for an entrance scholarship examination in 
mathematics at Cambridge University, for .’example. In the mathe- 
matical training of the teacher there is corresponding variation. In 
practically all cases it is necessary for a candidate for a position 
to bo a college graduate. But . on the one hand'he may have re- 
ceived a ‘^passV degree, in three years, without any college work in 
mathematics; and on the other hand he may have spent four years 
in obtaining a degree with first-class honors in mathematics. As to 
the extent of the professional training, this does not exceed a year 
in the training college of what we call the graduate school of a uni- 
versity, but even this is not yet always insisted upon. Athletic abil- 
ities are a valuable asset for a man seeking a position. The salaries 
are often very low. - ^ 

That first-class scientific and professional training is not generally, 
demanded of candidate for positions as teachers of mathematics in 
secondary schools indicates a marked similarity .between the' stand- 
ards in England and the United States. 

VI. Finl/md. — ^The steps required in the preparation of the sec- 
ondary school teacher of mathematics after leaying the lyceum are: 

,(1) To pass the examinations for a ^'candidate of philosophy,’’ or for- 

the * * certificate of aptitude in teachuig ” after fouir or five years of prep- 
aration in the univeraity; ]&e^(2) to spend a year of professional 
training in one of the normal lycpor; and (3) to pass an examination 
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m theoretical and practical pedagogy. In each of the examinations, 
gr^es approbatur, approbatur cum laude, and laudatur are assigned 

A profoMor in a secondary school must have the degree of “ candi- 
date of philosophy" with highest grade in the major subjects required 
by the pwt. For the i^istant professor, the same degree, or "cer- 
tihcate of aptitude," with at least the second higliost grade in tlie 
m^or subjects required by the position, *is necessary. 

The “candidate of p^losophy" has had courses in spherical trigo- 
nometry, analytic geometry, differential and integral calculus, diffci^- 
|on lal equations, theory of numbers, theory of functions of a complex 
variably, and occasional courses in such subjects ^ minimal sur- 
faces, theory of groups, and elliptic functions. 

highest type of secondary scliool in France is 
the lyc4e. The following remarks are with reference to preparation 
. of teachers for this institution. The tendency of recent legislation is 
,0 demand that all teachers shall have passed the examination of the 
i^6gation. The requiremehts of this examination in respect to 
knowledge of mathematics anjl dextrous handling of materials are un- 
^ paralleled by any other country. Professiomd training, in comparison 
with the amount required by Denmark or Prussia, is comparativelv 
neglected, and this has been judged by some os a weakness in tlie 
FrenA preparation. .It sliotild be borne in mind, liowever, that it 
18 difficult for an intelligent Frencliman (and the agrdges are tlic 
*6hte of the country’s inteUectuols) to be otherwise than iiiterestiiKS 
effecUve, and elegant in his exposition of any subject. 

The bwhelor w|io wishes adequately to prepare himself as a 
mathematics tewher in a ly^6e usuaUy undergoes, the strenuous 
training of the classes de mathfimatiques sp^cialcs in mathematics 
physics, chemistry, descriptive geometry, drawing, German, ami 
1-rench. This preparation, covering at least two yoiw^ ciiulps him 
for the univeisity, where the three-year course continSbLia of 
a higlUy specialized character. The best students pass the exami na- 
lon for the licence at the end of the first year, other testsrat the end ' 
of the wcond, and present themselves for the terrific concourse of the 
agr4gation at the end of the third ^ear. Pedagogics and practice 
tewffing forin a very meager part of the training of the teacher. 

The annual nuipber of agr6g6s has never qxseeded 14. For the 
yeara 1885-1909 there were only 300, of whcJffi 178 wore trained at 
the famous Rcole Normale. In 1909, of the 300 agr6g4s 61 had also 
become docteurs ds science mathfimatiques. Such a doctorate ranks 
far higher l,han any German doctorate, tiie acquisition of which has 
been niad^ part of the preparation of many Oberlehrer. 

Ad to the mathetnatical attainments of the agr4g4, they are 
equried by tjiose of only a very small percentage of professors of 
mat homo, tics in American colleges. * • ^ 
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er’s position sufficie\tly strong to draw some’ of the best mathe- 
latical talent of the country. ’ . ’ . 

X. Hunganf\-Th 3 met^d of training secondary school teachers in 
hgiaryismore'iMJe^te t^n that ift Austria, l^ecruits for such 
training are drawn fro^am^^ the graduates of the Gymnasia and 
Red Schools. The dal^a^pVand searching traihing is carried on 
dunng five years at a unf^ty^ or in the Polytechnikum, and at a 
training college. In startiii^ut>.tho candidate must elect two sub- 
jects which he wishes tot^e»^; rife selection of a third is recom- 
mended. Mathematics, and -.^escriptive geometry are not 

uncommonly chosen togctHer\\ \ \ ^ ' 

The examinations in tl* c4i4.We\,threefold: fl) The genetal 
examination, ^at the end of ^he f^th semfwter; (2) the examination 
on special subjects, a( (he ^nd <^(ho eighth semester; and (a) the 
^dagogic examination at thb en<fi;V the neirt year, 'which the’eandi- ' 
date imually employs in prof^ionaJ practice. -. 

In thegeneral examination Vhe orU part contains qii&tiofls in plane 
and spherical trigonometry, npalytic geometry, aniajsip, <jfegPiptiio 
geometry, physics, the Hungarian laifguage, and orife modern ianguago"' 
(German, French, English, -or Italian )Vwith the literature oft the same. ' 
Five months before the examlhatioh in special subjects the candi- 
date IS given a theme in each of\iis subjects, hpon which he has to 
write a dissertation. These dissefc^tatfons mast kjdicaite originality 
famihanty with literature, and br^d/ knowledge oK,th‘e 'themes In 
the orid examinations on special /ibjects the ca-hdi‘^te\must show 
deci^ proficiency. The oral e^miiiation in matid^aiics is on— 
(1) The mathematics of secori^ry schools; (2)./cort^i parte of 
geometry, algebra, and analysis ^mmoii for all chndidaiis^," and (3) 
the following five subjects, one <j{ which Wust bq'kriown MrougUy 
the others, in a general way: ( 4 ) Modern geometry and t^b IheoFy 
of algebraic forms > (6) numbed theory and higher algebraM(c) gen- 
eral theory of ^w curves an(f surface; (d)/general thporyW; ana- 
lytic and eUiptic functions; aqd (c) advan^d portions of mt^'’hl 

The examination in pedagogy ipnsisto of/a‘diasertaitioh and tin^c rn l 
e^mation in history of philosdjjhy, iJi^ic, psychology, pedagwy; 
history of pedagogy, and special mh^odf for (eaihing mathem^tira 
While this examination occurs a^t the hpdof thefifi b year, most of the ■- 
courses of study have been taken dM the firs fom/yeara at the 
imiT^ity. rhe m year is largely Moted to\tr ligifig and practice 
teaching m a Seminar, such as K&rin&n’s^br the'state training col- 

/ ‘ attain to fiill serviip, until after three years 

of probationary activity. , \ 

X. 7^y.— A candidate for a position as teaoW of mathematits in 
a secondary schwl must possess the degree of Dot^bre in matematiche 
pure from one of the universities. After the candidate has graduated* 



from a liceo or an istituto four, sometimes five, years are devoied 
^ to securing this degree. With an exception ^be referred to pres- 
ently, the courses of study are wholly in pure an3applied mathematics 
and allied fields, An idea of the breadth of some of these courses 
may be obtained by recalling that the foUowing works consist mainly 
of university lectures: F. Seven’s Leeione di geometria algebraica 
(1998); E. Ciani’s L^ione di geometria proiettiva ed analitica 
(1912); %nd G. Castelnuovo’s Lezione di geometria analitia (1913). 

The first two years of study lead to the certificate licenza dell’ 
university. During the last two (or three) years the student (1) 
carries five advanced courses (theoretic geodesy being put on a plane 
with higher analysis), (2) writes a dissertation, and, if he wishes to 
occupy an advantageous position with respect to appointments, (3) 
attends lectures on methods of teaching leading to the diploma di 
magistero' (these lectures are given in the scuola di magistero of the 
university). The final epcaminations of the university lead to the 
laureate, of which ther^ are many gyades. 

The student who has read nothing but what was suggested in lectures is not likely to 
pass out with “full wishes and praise, “ as the highest grade is called, nor will the most 
r&voi;able opportunities probably be waiting for him in future; still he has the highest 
degrw which the university confers. The diasortationa, as is natural, present great 
varption in value and originality. The candidate is reriuired to publish a full r^sum^ 
of/iis results, but not the thesis itself; whereby a long-suffering mathematical public is 
spVed much, for the feebler dissertations never see the light. The better ones find 
r^dy. acceptance by the mathematical jounials or are laid before learned societies. 

I The first appointment of a^acher in a secondary school is for 
ihree years, after which the appointment may be made permanent 
5f the inspector’s report is favorable; if not, the appointment is 
/extended for^inother year, when the teacher is definitely appointed 
/ or dismissed. 

I In the preparation of the teacher the lack of professional training 
/ is regardecj as. ^rious by many; his scholastic equipmeiit in his 
/ special subject is probably equal to that of the Oberlehrcr. 

I XI. Japan.— The usual method of preparation as. a teacher jn a 
i - middle school is (1) to take the course of four years in one of the 
hig^her normal school^ whose gr^uates are granted teachers’ licenses; 
or^(2) to attend some similar institution and pass the four grades of 
' examinations set by the department of ^education for the license. A 
galcusTii of the faculties of science in the universities of Tokyo and 
Kyoto, who has no professional training, is entitled to receivq a 
license without examination. Similar privileges are accorded to<^ 
gra(;Juatgs of fpi;eign universities. ' 

The courses in the higher normal school which prepare teachers of 
mathematics and physics include professional training, teachers’ 
courses m algebi;i[t and geometry, higher algebra^ plane and solid 
analytic geometry, and differential and. integral calculus^ The four 
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grades of exa^adon in m^hematics sot by ffco depw^eA of 
education are arithmetic, algebra, arid gebmetry; (^ttigo- 

nometry-; (3) analytic Vome^; and (4) dif^ntia^and itj^al 

Teachers in the eight higher rra^tk^chop^whichr are closely ^ed 
to the universities in their organizatiSff^re nearly all gakushi in 
mathematics. At the university the gak^hi have passed examina- 
tions in calculus and differential equations, solid analytic geometry, 
projective geometry, astronomy and least sqiiar^,. general physics’ 
general dynamics, and theory of numbers. ‘ i ’ 

XII. The AftAer/onds.— GjTunasia prepare students to enter 
directly the various departments of the universities, but graduates of 
higher burgher schools must pass university examinations in Latin 
and Greek. The first examination after entering the university is 
the examination for candidature, at the end of about three years; the 
second examination, that for the doctorate, occurs at the end of about 
SIX ydirs of study. If, in addition to passing the latter examination 
the candidate prepares for the faculty an appropriate thesis, he is 
entitled to the degree of doctor. It is from those who have parsed 
the examination for the doctorate that teachers for gymna.sia ^d 
higher biirgher schools are almost wholly recruited. .They hare iLd 
absolutely no professional training. ~ 

A candidate for appointment as teacher in a three-vear or five-year 
higher burgher school may also prepare himself for' the position by 
passing a scries of exceedingly elaborate examinations, the prepara- 
tion for which is made entirely outside of the universities. For the 
five-year school, e.xaniinations on.the following subjects, among others, 
musj be passed: Plane and spherical trigometry, descriptive geome- 
try, analytic geometry, calculus, theoretical, and applied mechanics, 

physics, chemistry, cosmography, geology, and mineralogy. During 

the past 50 years exceedingly few have qualified themselves as teach- . 
ers in thij; way. 

' Some of the subjects leading to the e;snmination for the doctorate 
are higher algebra, c Jculus, plane and solid analytic geometry' <le- 
scriptive geometry^ differential equations, theory of functions, differ- • 
entinl gcoirtetry, cidculus of variations, and mathematical physics. 

Xm. /foMmonio.— Graduating from the lyc5e when about 19 years 
of age, the student prepares himself to be a secondary teacher by 
Study for (1) the diploma, licence 6s sciences math6matiquea of a 
umversity; and for (2) the certificate of a pedagogic seminar. The 
examinations for the license are in higher algebra,' analytic geometry 
descriptive geometry, differential and integral calculus, theory of 
functions, mechanics, and astronomy. It takes at least three years 

to prepare for these examinations. Professional trainihg is obtained 

ftt a (pedagogic seminar* 
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^ ^pdidnte for the’ secondary teacher should have 

|)asse(T the examination Uf capacity. To be admitted io this*exam- 
imition the student must possess the diploma and^ertificate mentioned 
above^ 

The organization of the second aryschools and the training of teach- 
ers for them is very similar to that in France. In Rcmmania perhaps 
more era^*asis is put on professional training. \ 

XIV. Russia . — Graduotes of the gymnasium and of the seven-year 
“real schoor* are entitled to Register in faculties of the universities. 
TJie course for teachers in the gymnasia, os weU as for most teachers, 
in the *Vcal schUols,” occupies four years and leads to a diploma of 
the first or second graVle.* The courses for the mathematics-ana- 
lytic mechanics group at the University of Petrograd include spher- 
ical trigonometry, analytic geeftuetry, calculus, partial differential 
equations, theory of numbers, theoretical mechanics, hydrostatics 
and liydrodyiiamics, and astronomy arid celestial mechanics. 

It was not tiU recently tlmt any provision was made to give pro- 
fcvssional training to candidates for .teaching positions in State second- 
ary schools. This beginning wm made in 1909, when a year course 
iinduding lectures in logic, psychology, pedagogy and its history, as 
^ well as practice teaching, was organized for the arrondisseieent of 
Petrograd. 

XV. Spain , — The bachillpr en artes of an instituto may prepare 

himself tp tench matjiematics ih an instituto at any one of the three 
universities: Barcelona, Madrid, or Zaragoza: The courses in the fac- 
riilties of science lend to the licenciatura certificate^ about four years; 
tl*e apt scientific investigator may procure thfe doctorate In another 
year, .Every candidate for a professorship in .the instituto must 
have a licenciatura certificate; the best positions aroblftained by the 
'doctors in mathematical sciences. .. 

The inat-hematical courses leading to examinaitions for the licencia- 
tura are as follows: Mathematical analysis^metric geometry, analytic* 
geometry, infinitesimal calculus, cosmography and physical geo- 
graphy, projective geometry, descriptive geometry, rational mechan- 
ics, and spherical astronomy and geodesy. (Tliis list nf. subjects 
strongly reminds one of those required for the licenza in Italy:) The 
examinations take on different forms and imply a certain amoutit of 
^professional training. 

To prepare for the doctorate the student must (1) attend courses 
in higher analysis, higher geometry, astronomy of the planetary sys- 
tem, and mathematical physics; (2) present a memoir on a subject 
selected by the candidate; and (3) successfully defend the memoir 
before a tribunal. . . 

^ ^ k 

« 4 This is not a dt^greo; the degrees of inagtstcr aftd doctor require longer preparatioQ. 
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XVI, Sweden, The very thorough course of tho gymnasium con- 
cludes with the studentsexamen, the sole means by which a student 
may enter one of tho universities; mathematics is there taught in 
tho faculty of philosophy. Tlie cours^ for secondary-school teachers 
are very elaborate and lead to (1) the filosohsk &mbetsexainen, at 
the end of about four years of study; and (2) the filosgfie licentia- 
texamen, after about eight years of preparation. Candidates for posi- 
tions as teachers in the Realskolor are required to pass the first of 
these examinations; those seeking liigber posts in tho gymnasia, the 
second; but in this latter course the candidate must also defend a 
thesis for the degree of doc for. 

In each case the candidate has to spend a probationary .year * 
in connection with some one of five special schools wmch organize , 
excellent professional training. Moreover, before/ regular appoint- 
ment B8 professor or assistant professor in the Government second- 
ary>sch(^ls, tho candidate must have spent at least Awo years in 
successfully performing tho duties attached to the position. Sweden ^ 
probably leads the world in the extent of scientific j^eparation re- 
quired for her professors (I^ktorer) in the gymnasia. J 
The subjects of the ambetsexainen include proj^tive geometry, 
theory of \equations, calculus, analytic geometry, th^ry of numheni, 
theory of probabilities, ordinary differential equatid^ with constant 
coefficients; and generally for the liighest predienti elements of the 
theory of (a) differential equations, (6) analytic mnetions, and (r) 
differential geometry. In the j^reparation for the liientiatexamen the [ 
candidate is introduced into various important/ fields of modern' 
mathematics, including ordinary and partial differentia equations 
of mathematical physics. * / i 

XVII. Switzerland, Considering the country/ as a whole, there 
are no fixed exaiuinations for secondary-school tekehers; no^ are there 
any colleges for training them, although there/ is a department of * 
pedagogy in the University of Genova. For ihost of the teaching 
positions in the secondary schools the majoritir of the Cantons de- 
mS^nd that the candidate shall have complete^ a university course, 
or Its equivalent, of four or five years. ' TjpicU of such Cantons are" 
Fnbourg and Geneva. Candidates with two years* training in a uni- 
versity, or its equivalent, oan usually only be appointed as teachejs 
in the lower classes of the better schools; an exception requiring the 
qualifying word is Canton Vaud. There is a general tendency to . 
favor candidates who have had technical training such ^ a student ' 
derives from an assisliantship in the Polytechnic School. 

On the whole, high scientific standards of training are demanded 
on the part of secondary teachers^ but their professional training is 
almost entirely neglected. 
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Subjects included in examination requirements for secondary- 
school teachers in courses of the Polytechnic School and the Uni- 
versity of Bern are of Uie foflowinp types: Descriptive geometry, 
ralculus, analytic geometry of throe tiimensions, projective geometry, 
theory of functions, Fourier’s series and integrals, dilTerontial geom- 
etry, and thet^ry of trnnsformatron groups. 

XVIII. United Stag's , — Practically all of the heat secondary schools 
require, as a general ^thing, tliAt-a candidate for a teaching position 
shall be a college graduate. It is usually unnecessary to have had 
any courses in the theory of education, or any special work in the sub- 
jects for which the candidate applies to teach, or any professional 
training. Other things being equal, candidates equipped in those 
respects are, of course, more .readily employed. &)mc schools de- 
ntand such preparation, and colleges and training schools in the 
country have inn<le provision' for meeting such demands! 

The standards throughout /the United States for the training of 
secondary-school teachers appear to be* very similar to those in Eng- 
Iniul, although the pn>fessioiu|tl training is now% possibly, more insisted 
upon in the latter country. / As a general tiling, salaries ronsUtjite 
perhaps the chief attractioh to collegq-lrained men to take up 
secondary-school work in thje United States. 

Conclusion. 


-In the preceding pages aniattempt has been made to bring together 
from a very-limited numh'J^hof sources facts concerning the develop- 
ment of -the teacher of matliematics in. the better secondary schools 
of different countries. A*pr\sentation w hich would be at all adequate 
and complete in its different aspects would require^ for each country a 
volume based upon n far wid yr range of sources of information; Here 
simply the descriptions of the few features which happen to be dealt 
w^ith in available authorities are epitomized : there has been no oppor^ 
tunityJoj uniform trontmenjt. It is therefore only in a very general 
way that definite statements may be made in comparing.the methods 
of different countries. • / 

Few will deny that if the second ar\iApducation in a country is of a 
high order, and is extended pver a period of seven or eight years,, it 
must materially contribute io the training of die pupil who, after 
further development in university or profe.ssiqhal school, returns to 
the secondary school as teacJijer, It Ls therefore pertinent to inquire, 
What period is devoted to secondary odaentjon in different countries I 
To what extent is this based upon work of primary schools? When 
is primary instructidn* given in secondary schools ? When does. the 
pupil enter the university? Bearing in mind the types^of schools 
which have been excluded; froin coiisiderati on ii^ this report, and the 
fact, that, in general, only the better secondary schools (under Govem- 
101179* -la — 15 I 
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moni O^ato control) loading directly or indirectly to a uhiverailr 
linve Wen considered, fairly dcrinite answofSNo aU of these question 
may fumul in the flicoompah\ihp synoptic table. 

The iqre there piven is the normal lower limit, and in any one of 
the countries it is possible for a pupil or student of the pive'n aeo to 
. he at the stii|ie of scholastic a<rvnnceinent indicated. It should not 
he inferred. Imwever. that (Ijis rate of progress is necessarilv charac- 
teristic of the country; for e.Nainple. in Japan the pupil just gradtiaiinc 
from the inhidle .school isj usually nearer 20 than 17 years of age; and 
in (Sernmny, while a small percentage of students are ready for a 
university career at 17 years..of age. more Hmn one-half Rre at least 
10. and more than one-third not loss than 20 years of age. In the 
following disciissiiMi 1 shall, liowcver. use the normal age mvon in 
the table. t , ' & 

^^e remark that in l.'i of the IS countries the normal agh of enter- 
ing the tmi vemitydis 1 8 or 1 (». . Thes,^ count Ties ate; Austria, Belgium 
IJeiunark. Kngland, Kinlaiid, Kram'o. Germany, Hungary, Italv’ 
Netherlands, Hoiinianm, Kiissia, Sweden, Switzerland, and the 
United .Staffs. When the extent of s,.eon.lary school preparation 
for the university is coiisideri'd, we liiul .wi.le variation of custom 
AtislraKa-and the Uniieil Stales are at the foot of the list with' onlv 
4 veiim; hut 7 countries (Austria, Miiland, Hungary, Italy, Japan 
Kutimaiiin, ami Hiissiu) devote ,S years, and .'1 countries (France, Ger- 
many, SWedelil fl years tq st'condary education. 

Since the ]a>riod of sidiool education leading, to aunjversity in 14 of 
the countries is 12 or 13 yea;s, the wide tiifTerctire of views which these 
countnos h<dd with resp,M t to the portion Of this time, which should 
ho assigned to secondary education projior is inlen*st1ng. On the 
one hand, the l:nitetl Statcfi holds that during 8 of the years the 


ymotliods of elementary etlucation should Iw eniployed; while on 
, \ the other hanHy France and Germany consider ^lat best results a 
bbtauiod when oven the 3 or 4 yearn allotted to primary instruction 
afo given in connection witli secondary scliooLsi It is then not 
ati^rprismg to liml that them is gmat .lifremnoe betioeii the schol’aatie 
equipment of students coming from these two typ^i of school The 
CT^uates of the classt^ <ioniath6matiqiiesspdciiih« hr of the German 
Oyi^nasnim are about on a par with the youth wild has finished his 
junior year m one of the Wtter.Vniericmi coUeges. 4d in other coun- 
trit» ^so, like Domnnrk, Japan, and &woden, thd graduate of a 
highei' secondary school hiw'done more or less work y^hose equivalent 
w<Iqnd in coUogos m the United States. It is only in the lightof 
suc^^isideratior^tlmt the fuU force of, say, Swodeii'e mquii^ent 
of lOjOit 11 years of preparation before graduate of\a gymnasium 
WreS&d “ “ appointed professor can ^ adequately 
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Apnin, it should ho Iwirho irr mind that ovon with (^ureos of soc- 
ondary schools covering the same nmnht<r of years the cont>ent may 
U' vastly diffeivnt. Contrast the 9 years of the Gerhian gymnasium, 
whom 19.S jHsr rent t>f the time isdovt)ted to mathematics, sciences', 
ami drawing, and M.2 p^T ivnt t4> ancient lang\iages, with the 9 
years of the Fnundi lyc^o iuytjie science-modern language section 
and classes do math^mati<|ue s|>dcinles with alv»j^it 36.8 \>er t'ent of 
ciis course in mathenmt ics, science, and drawmg, and no time spent 
on ancient langxiages. Franc<* ofTcrs a imich.more extensive mathe- 
matical course in her second ary 'schools^han does any otlibr country 
in the world, 

I^'nun such difTerent ty|)os of. schools come the fiutu re teachers of 
nffithenfatics. let us next consider in a general way how the^ 
teachers were prepared after leaving the secondary schotils. Broadly 
s|H'aking, the Xraining is dgrived from: I. ('ourses in a univorsity or 
similar institution; II, Professional training. 

I, All the countries requin* some university training on the part 
of candidates ft>r appoint mont as secomlary school teachers,* Tlio 
maximum n*<|uin*meiits an* in i>emnark and Netherlands, each 6 
Years, N and in SWe<len aluaii ,S years. On the other hand, for minor 
positions in the atli^n^cs of Ikdgiuin and n>gular |>ositions in Can- 
ti»n Vaud, Swit/.erlaml (wlieie most Cantons require 4 or 5 years), 
only 2 or 2 J years of attondance at a tinivorsity are compulsory. 
Tlie complcto reconI is as follows: AustFalia (Victoria and . Now 
South Wales), 3 years; Austria, 3J to 4 ; NUtdgium, 4 . to 5, 2 foF 
minor positions in atl»bh(^cs; Denmark, (V; Knglnnd, 3 to 4; Fiiilmid, 
4 to ,•>; Franco, not less than 3, in adtlitiou to 2 years in clas^^de 

'^math6mati(|ues ^p^ciales; Gennnny,3 to 4, hut randy 3 and often 5 
an* taken; Hu. mrv, 1; Italy, 4 or o; Japan, 3; The Netherlands, 6; 
Uoumania, not less than 3; Ku.ssia, 4; Spain, 5, forh>wer positions, 4; 
Sweden, usually S; Switzerlan:!, 4 to r> years for the most pan, in 
one or two cas<*s 2 to 3; l/jiited States, 3 to 4, / 

us consider a single .example, to bring out more oloarW the 
implications of these statements. Since the future mathematical 
teacher entering a (iomian univemity is; about on a seholastin par 
with the student who has finished the junior year at a college in the 
United, States, we may state, roughly, that the (lennan teacher has 
generally liad at least three years more of scientific training than the 
American teacher in rf secondary school has had. 

II, In addition to attendance at universities, some countries 
requito' professional training. Australia (Victoria and New Sauth^ 
Wales), England (generally), Finland, Roumania, and some States 
of Germany each require one year (it is only in theory that Aus-. 

I Aj Cur M this sUtement coooenu J*puQ, refsreooe is msds to tbo higher middis • ** 
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tria requires .a year); other* States of Germany and Denmart 
require two years each; in addition to a year in a Seminar 
Sweden requires two years of probation as teacher before regula^ 
appointment and ijv a similar way Hungary requires three; and 
m Italy after four y^ of trial a teacher may be dropped. In 
France the professional braining may possibly be estimated at half a 
year. ^ seven eountnes no professionjil' training is made conipul- 
80^. Thew rountries are: Belgium, Japan (in higher midrUo 
sch^k) the Netherlands, Russia, Spain, Switzerland, and ibo 
United States.' The. question of the far greater efficiency of the 
countries than in others is not takeh up here. 

When tee curses required for the' candidates in different countries 
are coiwidered, the unenviable conclusion is reached that Australia 
nglMd, and the United Stat<» are largely in a class by themselves 
for m these countries mathematical teachers know practically 
nothmg of their subjects, as they have had no special mathemati<f!ir 
traming m the universities. Perhaps England is loss of an offender ‘ 
on account of the number of trained specialists necessary at schools 
preparing for Scholarship Exariiinations. . All other countries re- 
quire of their professors a more dr less broad scientific training, and 
the mmnnum mathematical requirement is a knowledge of the dif- 
ferential Md integral calculus. Most countries include also amonir 
^eir requuements differential equations, analytic geometry of three 
dunensioiw,' descriptive geometry, projective geometry, mechanics, 
Md physKs A doctor’s degree is required of higher teachers in 
Belpiun, Italy, Netherlands, Spain, and Sweden; and the standard 
w teachers m Franw and Germany, is certainly not below that for 
tee degw of doctor in those countries (indeed much of the trainine 

for teacher, and doctor is identical). 

In the American Report to the International Commission on the 
reachmg of Mathematics on Tramiiwof Teachers of Elementary arul 
otcondaty Maitkrmixcs^ the followingjSjies occur (p. 13): 

Yet with us, where the public is now beginning to recognize that teaching is a nro- 

■ Jh KO by. the timf will un- 

sufficiently attractive financially 
‘J*® Ptoepective teacher eomo such preparation as the 
follomog. On the side of pure mathematics wo may expect tlie calculus, differential 

n^ions^ lf ““ r' P«>i«c‘i'o geometry, theory of equations, theory 

rf functions Aooiy of cuivee and surfaces, theory of mimbere, and e^egroup theory 

***®“*‘! <*on»nd a strong course in mechanics, thooietica?^ 
astronomy, desenpUve geometry, and some mathomaUcal physics with a 
thofcughcourseinoxperimontol physics. » Fy««iwuna 

We heve seen that this ideal for the scientific training of teachers is 
. yy a matter of coutse in a number of countries. 
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On tbe whole, the salary, pension, social position, and soholistic 
status of -the secondary-school teacher in France and Germany seem 
to combine to give to the profession an attractiveness not to be 
found in other countries. ' * 

TABLE. * 

In this table it should be noted that: (1) The separation lines be- 
tween the primary and.secondary schools (Jo not always mdicate'that 
regular primary instruction ends there, but only that portion of it 
preparatory to the secondary school in question; (2) five only, of the 
SIX years of the course in the realskola of Sweden, suffice as prepara- - : 
tion for a gymnasium; and (3) some imiversity courses extend be- 
yond the limits of age in the table, o. g., in ^Igium and in Japan. 
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APPENDIX A. 

^ ENGLAND. . 

CAMBBIDGE LOCAL EXAMINATIONS, SENIOR STUDENTS.' 

December, 1915. 

'Geometry. 

(Two hours.) . 

rfajmw CT. to mrkti A and H an to it anadftd and uni up to Ike etamher In upanto bmndlea. 

.B, ii called to tkt aUematwe quati(nu B ix, B X, B xi at the end 0/ the paper. 

A. 

A l. In thetrianglenABC.DEIii-. .if, and BC=Ef. Prove that 

the trianglea are congruent. , 

Shoa- that the diagonals of a parallelogram bisect each.other. 

V’ is drawn perpendicular to BC; show that, when the 

angle C is acute, . . 

AB»=AC>+BC>-2BC.DC. 

Prove that thp sum'of the squares on the four sides of a paralielogram is equal to the 
sum of the squares' on the diagonals. 

A 3. From a point 0 outside a circle two straight lines OPQ. ORS are drawn the 
fitst cutting the circle at /> and Q, the second cutting the circle at B and B. Prove’that 

OP.OQ=OR.O.S. 

*“Kle- From a point D on BC a line 
Mi/r 19 drawn perpqpdicular to BC, meeting A Cat E. and BA produced at F. Show 

DE>=BD DC-AE.EC. 

A 4. Inscribe a regular oqtagon in a circle of radius 2 inches. Produce alternate 
Sides of the octagon, bo as to form a square. » 

Measure the aide* of the square. 

oBa^cofwfrturUofiBna jfiyour/i^». * , . 

, ‘ . B. . 1 . 

B 6. Show that if a straight line touch a circle, and from the point of contabt a chord 
be drawn, the angles which this chord makes with the tangent are equal to the angles 
in the alternate segments. • 

JIVo circles intersect at A and B. At A, tangents to the circles are drawn, meeting 
the other circlea at X and Y. Show that BA bisects the an^ XB Y. 

ui.” ^#1^ oomipondingsides. 

Show that their peas are m the ratio AB^iDB^. 

^ Through each of two opposite comers of a rMtangle perpendiculars ve dmwii to the 
dia^nal which joins the other two comers. Show that if the three parts mto which 
the diagonal is thus divided aw equal, the squares on the sides of the rUctangle are in 
the ratio 2:1, ® 
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B 7. The Ungenta to a. circle at P aad Q meet in T, wd Cia the center of.th9^ircle 
TC meets the circle at A and B, and meets PQ at A'. . . * 

Show that CX. CT^CA^ And that AX . TA : TB. 

K 8. Two circles (not in the same plane) intersect in two points. Show how to 

obtain the center of the <<phere on which both circles lie. 

\ fliatinct points in spafe, such that A,B,C,D lie on a circle 

c, Z), E, F lie on a circle, fl lie on a circle, no two of the circles lying in the 

same plane. Show that the three circles lie on a sphere. , ^ 

r H TV? Z B *; U xi m«, 6, to*™ «p«/ nuaOm^tk. 

puitioru Is 5, u 6, B 7, B 8, but lou a mark* vill be a**iQned to Ikem. 

B ix. Show that the sum oi the angles ot a trianglfe ia equal to two right angles 
ABC 18 an acute-angled triangle, and 0 is the centeF 6f the circle which pa aece 
through A. B, C. Show that the angles OBC and BAC are compIemenUty 
B X. Illustrate and explain by means of a figure the geometrical theorem corre- 
sponding torthe algebraical identity 

(cf6)r=a>-|-2a6-f6>. « 

ABCn is a Square; poiiile E, F. G, // are taken on AB. BC, CD^’DA speh that 

>he square. - Show that the area of the square 
EFGII IS I of the area of the square ABCD. 

Bxi. Draw two perpendicular lines dB, BC. Make dfe=lj inches. BC^n 
inches. Construct a circle to pass through C and to touch Ab aX A. Measure the 
radius of.this circle. 

Show eUarly all construetion line* in your figure. * g 

Alueiiha. ‘ 

{Tvo hour* and a half.) 

^ Sguared paper, and table* of logarithm*, etc., can be obtained frorri the praiding eramimr , , 

^ N. B.—AUerUion^is eiUed to the alUrnative que*tion* A, Ji$ C at the end qf ihe payer. 




2. Find the luctors of 

ami show that if a+6-|-r=0, 

3. Solve the equations; 


(i) 

(ii) 






’P+9. 

I « 


(i) 


= 1 . 


= 1 . 


(ii) 


1 +^- 

l(i-p) (y-3)=3, 

I(j.-.3)fff-2)=4. 

4. A room is such that its length is JO feet more, and its height 13 feet lew. than*its 
breadth. If it had been 1 foot less ^ch Lay. it would have conUined 1,624 cubic feet 
lees.. Find its dimensions. ^ . i 

6. Find by logarithiu the value of 1. C 58X( .0247)* 

Id what yetir, must. XI haye been pui 
annum to amount toXl(X) at the end of 

6. Show how to obtain the formula 
progreemon. , 


out at compound interest at 5 per cent per 
1915? 

for the s u m m ation of n terms of a geometric 



Wt 


APPENDIX A. 


233 


i*+9X*+p=0 


5 fi!lt teiW IB 9 and the ratio of the sum of eight terms to the sum bf four terms 
is 97 : 81, 6hd the series. . 

7. If j 4 is the arithmetic, O the geometric, B the harmonic ipean, between two 
numbers; show that AB=G^ ai^d that 

find the numbers. 

8. Find tlie condition that atH26x4'C has always* the same sign for all real values 
of X. 

Show that, if ' * w 

and 

have a common root, either 

pf 9 =-l or 

9. Find the number of different pairs (irrespective of order) that can be formed with 
2nthihgs. 

If. of 14 numbered cards. 5 are red, 6 white, and 3 blue, find the number of groups 
of three,.one of each color, that may be formed. 

How many more groups can be formed if any two, but only two, may be of the same 
color? ' 

10. Enunciate the binomial theorem, and write down the middle term in the 

expansion of i'-iY- ■■ ■■ 

Find the term independent of x in^the ejrpansion of ^ 


(^+i+T+?)- 


11. Plot the graph 


r* 3x* . llz 

+ — 4froinx=l toz=»7, 


and find its gradients when 1 = 2 , when x=4, and when z=6. * 

Draw the tangent at the point (4, *2). 

12. Plot the graph 4y=8+5z-3i> from i=-2 to z=3. and ahow by int^tion 

thatthe area of the portion on the poaitive side of the axis of z is (V P. 

N. B.~~Any of the following quettioni may be taken inotead gfan equal number ^ the oueatioiu & V 10 11 U 
but coneiderably lower markt wiU be auigned to them. » » » , • 

A. Solve the equation: . 

g h(x-b) 

b a 

B. A cask is filled with wine and^ water in the proportion of 3 : . 1 ; 4 gallons are drawn 
off, and the cask filled up with water. If the proportion of wine to water is now '3 ; 2, 
find how many j|llon8 the cask can hold. 

C. Divide aWc-*)+6*(<r*+o)-c-»(a+ft)+a6<r* by a+6-<T». 

Trioonometry. 

{Ofu hour and a half,). 

Squared paper and tablee of logarithms, etCi,eanbe obtained from the preitdtng examiner, 

'N. B.^AUention it called to the alUrrtaiive queetiori^h, B at thi end of the paper. 

1. (a) Findtothe ne^estminytetheangle which an arc of length 4 inches subtends 
at the center of a circle whose radius.ia 5 inches. 
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(6) Find 'by drawing and measuroment the least positive angle whose tangent is 
-4.2; and'calculate the cosine of this angle, correct to three significant figures. 

(r) The length of the slant side of a cone is 4.3 inches, and the angle at the vertex U 
115®. Calculate the height of the cone correct to a tenth of an inch, 

2. Potemiine. hy drawing the graph of sin x+2cos x for values of x between 0® and 
45 . the value of x between these limiu for which sin x+2cos x is a maximum ' 

3. Prove that 

(o) cos 4 - cos -2 sin — siiv,^ “ 

(6) cos (.4-5) (l-fsin (.4+5)J=(sin A+ cm li) (fm .4+sin B). 

4. Find the length of the aide AB of the triangle ABC, given that 

5C= 23.4 inches, Z^5C=42®, ZvlC5*=67®. 

, 5. An airship is .-iighted at the same time from two points A and B at the same lev, ! 

1 mileapart. It iaduesouth of A atan elevation of 34® and dueeast of 5 at an elevation 
of 23®. Calculate its height in feet. ' . * 

.6. (a) Writedown all the cube roots of eos sin 0, 

(5) Separate into real and imaginary parts the ei^pression 

• . 

/ . (i+V^)* 

7. (o) Express tan (»i+»,+9, +«,+«,) in terms of tan 9„ tan »„ tan»j, tan $, tan «. 
(improve that, if tan a, tan /S. tan y are the/ooU of the equation x*+ox»+j;+6=o 
where a, b are unequal, then a+/9+y is an o<y number of right angles. 

^7 f**" mo» be taken inMeai of tUker 0/ the ruelhne 6. 7. or bath mat be taken 

trutead the ttco questions G, 7, 6uf considertd>ly lower marks will be assigned to them. 

A. A is the foot of a flagstaff AB, and C is^i point on it such that A C= | 45 if the 
flagstaff subtends amangle of^48® at a point X dn the ground, calculate 4be value of 
tan 5A C. . 

B. (a) Find all the solutions of the equation sin 3^+c^ ^ 

O'- \ 

(6) Prove that cot-j^ - cot $ =cosec 0. 




Analytic Geometry and Calculus. 

(TuoAourf.) 


ANALYTIC GEOMETRY. 

Tables of logarithms, etc. , map be obtainedfrom the presiding eiamirt^. 

1 The corno>8 of a trUngle are the points (2, 3), (3, 8), (-1, 5). Find the tangent ' 
of the angle at (2, 3). ^ ^ ' 

, 2. t'ind the equation of the two bisectors of the angles formed by the two straight 
lines ax*+25xy+6y*=0. ® 

The strmght line 3x+2y= i meets the circle x*+y»;=8 in two points P and Q, Find^ 
the eqi^tion of the straight lilies joining P and Q to the origin. 

3. Cmtain an exp^»s.<don for the length of the tangent from the doint (j/ t/) to the 

circle x»+yH 2 yx+ 2 /y + 0 = 0 . v 

A point P moves so that thp tangents from it to the- two circles 

x*+y2=4 

' 'x»+y»+«!t-8y+3=0 

are in the ratio 3': 2. Find the equation of the locus of 5. / 

Find the equation of the polar of the point (x>, /) with respect to the parabola 
y “ 4 ^* . ^ ^ . 

P a a variable point on any fixed line at right angles to the axis of the parabola. 
From P a perpendicular is drawn to its polar, meeting it in Q. Prove that the locus 
of Q is a circle with its center at the focus. * 
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'*"* y-»w+c m»y be (i) a tanfroot, (ii) a normal to’ 


-+*'’=1 


J f thP tancont and nonnal at any (mint /• ol the cllipao moot tlio major aaia in Tand 
T w) that. 7’r=«i, prove that the ecrontric angle, e, of P, ia given hy the equaUon 

cofl* 0+coe 0— 1 =0, 

whore c ia the eccentricitya. 


CALCULUS. 


Ck Obtain the values of 


(/■/x d . r rfr , • 

~dT* J J 

Prove thaty=,4 coa 2x+B ain 2.t+tV* aatianei. the differential equation 

7 A hollow 6one. of height 20 inchea and radiua at the base 10 inehc*, ia inVerted 
and water la poured into it at the rate of 12 cubic inchea per aecond. At what rate ia 
the area of the water-aurface increaaihg when the *pth of the ryater in the cone is 

loinrhes? 

\ . ■ * 

A eirclc of radiiis 6 inches is di.-ided into two sognionlfl by a chord at a distance 
of I inch from the center. Prove that the rectangle of greatest area which can be •- 
inscribed in the smaller segment has an area of 27.8 square inches approximately. • 

9. The curve meets the Une y=4i: in three points. Find the coordinates of 
ihoso points and obtain the equation of the normal to the curve at each of them . 

, If P is tho one whose abscissa is groatost, 6nd the area contained by the y-axis the 
nonnal at /*, and tho curve from tho oripn to /*. •* 

Applied Mathematics. 

(rtroAourt.) 

paper <puf tabUi aflogaritkmr, etc:, con he^ained from the pretiding emminef, 

• The aeceieratkm due to ffratitjf may be taken at 5t foot-second units. 

1. Throe forces of 30 pounds, 50 pounds, 90 pounds act at a point, tho angle between 

the directions of any (wo forces being 120°. Find the magnitude of their resultant 
and the angle which its direction makes with the greatest force. * 

2. Provo that the algebraic sum of tho moments of two concunpnt forces about any ( 
point in their plane is equal to the moment of thoij resultant about the same point. 

Torces 2P. P, P act along BC, CA, AB, the sides of an equilateral triangle ABC 
Show that the resultont is a force P parallel to BC and at a distaftco from it, on the 
side remote from A , otpial to the height of the triangle. 

3. Two light rods AC (2 feet long),;BC (3 feet long) are hinged to one another at C 
and to nxed' points at A and B, the plane of the rods being vertical. Tho horizontal 
distance between A and B is 4 feet, and A is 1 foot higher than B, and C is above AB 
From C is suspended a weight of 10 pounds. Find by graphical construction or uther- - 
,wiBo the thrusts in the rods. 

4. A body ispla^ on arough piano inclinhd to the horizontal atan angle a. Show 

that it can PBmain in equilibrium if the. coefficient of friction ie greater than tan a. 

. A circular hoop of weight IThan^ in a vertiepd plane over a rough peg. Prove that 
the greatert weight which can be Buepen<ied tangentially from the rim of &e hoop 

without ciMiMg the latter to slip is . where . is theangje of friction. 
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5. ' A steamer is moving along a narrow canal when a man steps ashore after walkimr 
across the dock in a lino iraking an angle of 60® with the line from stem to how He 
finds himself 25 feet farther along the canal than if he had. stepped off on the other 
mdo l)ofore walking across. If the vessel is moving at 2 miles per hour and the deck 
is 25 feet wide, how fast <lid the man walk? 

6. Prove the formula 4 //». 

A mass of 35 pounds is pulhnl up a rough plane of inclination 1 in 16 by arope parallel 
to the plane whose tension is 150 iK>undals. If ihe resistance duo to friction i.s 12 
poundalfl, find the velocity acrpiired by the mass in 10 wconds. 

7. A Ix^y is projected with velocity Tin a%firbclion making^n angle a with the 
honzontal. Find the greatest height that it reachw and it| horizonUl range. 

Rnd, in foot-pounds, the least energy of pn»jection whic h must bo given to a ball 
of 3 oimros m order Chat it may ha\ e a horizontaliunge of 300 yards. 

8. A particle moves in a straight line with an acceleration directed toward a fixcnl 
point in the line and equal to p times the db^tam'e of the particle from the point. 
Show that the motion is periodic, with penod 2 »/Vm. 

OXFORD AND CAMBRIDGE SCHOOLS EXAMINATIOIV^BOARD. 
EXAMINATION FOR SCHOOL CERTIFICATES. 

July, 1910. ' 

^ ARirniiKTic. 

( rtpn Amirt.) 

1 . Find the number nearest to 9,090 that can be divided exacflv hv 3 4 5 7 
2; Simplrfy I (1^ - i ^ * (j _ j of 1 ^). 

Divide .003125 by .02(M8, obtaining the answer correct to three decimal places. 

3. Find the cost of 3 tons 7 cwt. 2 qrs. 1 1 lb. at £4 8s. 8d. per cwt; 

4. If it costa 6 dollars 30 cents to carry 4^ cwt. a disUnce of 500 miles, find (o the 

neatest cent, the cost of carrying 8 cwt. 360 miles. ’ ’ 

5. A bankrupt owes £6,000. He pays 12s. 6Jd. in the £, and defrauds his creditors 
by concealingeA ol his assets. Find the value of. his e.stato. 

6. Find to the nearest penny, the compound interest on £2,525 at 21 por rent 

per annum for four years. * ' . . , 

,7. A square field contain.^ 2 acres 3 roods, and is t<V be fenced ‘wii;, hurdles 6 feet 
in lenitth. What is the smallest number of hurdles that can be used for each side 
of the field? 

8. A rectangular tank is 35 cms. deep, 62 eras, long, and 2*7 cms. wide. If the tank 

is filled with water, how man.v times could a bucket holding 8.5 liters be filled from 
it, and what would remain over? ^ 

9. A man buys oranges at 5s; a hundr^ and sells them at 8d. a doren. WTiat is 
his gain or loss per cent? 

10. A man wishes to obtain £1,000 by selling 2^ per cent consols at 82 j. What 
amount of stock must he sell, and what would be the quarterly income derived from it’ 
(AjXBwera corrept to the nearest penny.) 

*' Algebra. . 

w 

. (rtc^Aourt.) . . 

wier M put fa sMiionai vMhmMla nniUotb mutt uUtft lit aamhm fa Pattt / sii^ Hutm 

W OiMiajttlm atmrtkm /Mm 1^ arm, |asJffi«ig enmfawira maM tatWt tU tumfuttt fa Pmu I 
•BdllftMkiUtcgaktr, and uot aUempt the guaUont A, B, C, D. ' 


APPENDIX A. 

Part I. 

1. If a = 2, 6 = — 3» r — 0, find the vuluo of 

' o + 6 " + "• 

2. Find the continued pixxluct of h - r, r - o, o — 6. 
Pivide 4r* - 9j» + dr - 1 by ;ir - 1. 

;l. Simplify: 
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y 


j 


n) - _ ^ 

' *r - 1 r + 2 r2 


(2'!. “ 


!L’_** "j. 

h a ,t 


r + :> 4- J _ 2' 

0 f h 

6‘ 




thoir^^ K** **’*' ^ **’“‘"^*‘*®* *" Pf«lu<*t dixided by 

Kind the II. C. K. of • . ' 

T*+r< + i3 + j»4:x+ia„d ^ ^ jj _ J 

5. Solve the eqi^lion*: 

(1) - 2) - I (r + 2) .= 4 (I - 6) + 

(2l 5 

...13 

«. The diffeit>noc of two fra- tione.. one (the Rreater) Wed by adding a certain 
number to both the numerator jind the denominator of J, the other (the lewer) formed 
I* .? wibtracting this number from both the numerator and the denominator of 4 ia 1 
I rind the 0 umber. . / • i. 

J n./oU«tint ftwttoitt. A B. r, D «r r« 6, MmplH omv b, nndUali, wbo <to aoi <UKm;a Pa,x II. 

A. Factorize: - ■ ^ j' 

' ^ (l)ar> + ^-12; ^ 

(2) + 6* - r* - 2ab, 

B. Solve the equations: 

A 

<xx - 6y = a? q. ^2 ^ y ^ 2n. 

r. Show that the eum of the squares of three consecutive integers is greater bv 6 
tlian 3 times the product of the greatest and the least. ^ 

D. Solve'^apAvfl//y the equations; 

• ’ • + iy,= 1.2. Hx * 5y. 

1 inch as your unit.] 

Part II. 

7, Solve the oquadons: 


y»«5ar q- l. 3r « 2y + 1. 

*• “ p™’'® I- J- 

If o, 6, c are in continued proportion. pKive that 
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9. Mnd tlic » iluc of * 


(34.97)* + (1.0S)’.«. • 

Obtain t forrauli for tl^ mim of 27 tomw of thr «»ric« 

' 1 + .0 + R1 + .73Q + .6,501 -f 

ttn<i }»lfow that the sum ia yory noarlv !M2, 

-UiIdT "f-y - tf “ 3. y =; 3 - X* for «Iuo*‘of r I vine Mwocn 

“«8l« «t Uie 


( TVo kourw.) 

(it In orin 10 pau M o4ia»ntJ muhrmtik, or (» «V,(, ,„„p,ion from thi nrm, nalunno mmlnatlo. 
tvHUoln m«i( oniinr, (*/ n.mforr. (n a, n4t token looker'. ' ernminothn. 

(J) Fiftono ikouU ke 4ra»a wrurotrlr ■«» g tgrtt penal, oiH all "mutrwilono" elearl, ,kate%. 


■ X-' a .- 

. 1. Prawitrianitlo .IflC having BC»3in.. ,4BC-32», and .4CJ9-im». CoiMUrii.t 

f ho hiaootor of the angle BA C inootine BC in f>. Nf<>ainjn> BP. 

2. Draw a circle of radius I inch and taVc a |>oinl /• 2..S inrh.-s from its center 
Conrtmet acrcleof radius 1 .3 inches to touch the former circle and also pass thro.ieh /•■ 

3. If two trianeles have two siaes of tho one equal to two sides of ^he other, ami also 
the angles con.ained l.y th.v>e sides equal, prove that the triangles are congriient. 

If the sides .4/? d 0 of a triang^ aro equal, and equaricngths dfc’. dP are cut olT on 
AS, AO, provo that OK, SP arc c^qtial. 

4. Stat« an aiiom rolatiog to parallrl atmi^ht linos, and uao it to prove that when a 
etiBipht lin<^ rr«v»i*a two parallel etrai(^t linca it makoa altomato anRioe equal. 

Provo that the oppoaito anglce of a jiarallologTwn are equal to one another 

5. Prove that the square on a side of a trianijle opposite to an obtuse an^le is greater 
than tho sura of the squares on the other two sides by twice the rectangle contained by 
one of tho^ two sides and tho projection on it of the other. 

6. Prove that the opposite angles of any quadrilateral inscribed in a circle are 

suppleraontary. - u 

Two circles intersect in .4, R. C, /) are any two points on one circle and CA DB 
cut tho other circle in Q, resju'ctivcly . Proye that PQ is parallel to CD. 

0 

7. Prove that the tangent at any point of a circle and the radius through the ooint 
are perpendicular to one another. 

Two circles whoso centers are d and B touch externally at C. The common tangent 
at f meets another rommon tangent in /). Prove that ADB is a-right angle. 

8. Construct a mean proportional to Two given straight linns! and prove the con- 
struction. . 

ABCD is a rectangle such that the square on AD is twice the stjuare on AS. BE 
iWraiTO at right angles to dC to meet .tCin K. Prove that A^isone-thiid of .4C. 

9. If two triangles have one angle of tho one equal to one angle of the other and the 
sidM about these equal angles proportioanal, prove that the triangles arrioimilar. 

07 . ^ ^ it iato three parts ploportionai to 

37 a TV ^ 53 * I 
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I • ; . ^ ^ 

j . ^ Ei.RiiKNTARr Tm<.ONO»irnit. 

I . Pofino Ihc ttnppnf ot an anplo. 

C onsiruct an arute aiisH*' «ino .6. and frrd ita coaino and ita cotangent 

2. Provo that co«(180®-a *«* -ro« a. ^ 

• Arrange the anglea o. $• y in order of magnitude, if 

sin tt*».S21l. roa ;f*.T738. tan >»-0.GlfV|. 

the anglea being positive and each lew than 180®. 

X W h*at is the length of the 9ha4low of a man ^ ft. 8 in. high c-aat hv the enn when its 
• alUtud'? is 55® 3(y ? 

'• r>raw the graph of 10+ 10 cos 2z for valuei* of a between 0® and 60®. Find a v^uo 
of X to aatiafy the conation * • 

r«I0+10 rtieia®. 

^ (Take one fenlh of an inch aa rniil along both axea.J " 

6. Pntve that in *mv triangle'’ 

gin A gin B 

If yt— 63®. ^—•19®, 11—50 in;, find 6 to the nearest tenth of an inch. 

6. Prove that: . ' 


U) 


cus g4 ein 8 cos g-ain $ 
a* 7. 


rtwe-siiH? ■ ci>8g+ain 9 l-2«in*g» 

(2) (gerg+tantfy(C(^cg-cotg)=(co8ecg+l)(aecg-l), 

7. If 2 gin g+5 co9 g<^5, prove that 

^ tan g«0 or f|t, 

8. Provo that gin (d - fi)=ain A cos B -cos A ain where A and B aro both acute 

. anglea am! A ie greater than B, < 

+ 2.1. 

9. Slfow that in aify triangle ABC 


5fr_r>>?. 1 Ui-n 
0 ^gin +1 

If 6+r«24.8 cm., 0=11.89 cm.. -+=^;>9®, find./? and C. 

10. A lighthouge is obacrvcf! from ^ >bip which is Hteaining due N. to bear 62? W. of 
X... after the ahip ha? sailed 10 milog. the lighthouse is/jhaerved to hear 10® W. oI S. 
( alrulate J.he diatanc** of the *bip from the lighthbuse when it was nearest to it. 

SlAlICd AND pYK\*MICa, 

, ( Tiro antf « Aot/Aovrt.) 

' (ilMunw liagf.i 

1. State and prove the triangle of (orex'S. 

Find graphically; or otherwise, the resulUnt of thelollowing forces ac«ng at a point 
vi», 5 lb due N„ 10 lb 30<> S. ol W., 15 lb. W N. ol E.. 12 lb. SE. fSnle 1cm. 
tollb.l' ' 

2. A form 10 rt. long w«ighs2 atone; ita legeaiu | {t.frdin <«( b end. A boy weighing 
8 stone sita 2 ft. from om end. another weighing 7 stone aka 3 ft. from the other end 

Fin^the p^easiirea of the lugs of the form on the ground. 

■ 101170*— 18— le 
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fofc« which are not parallel are i& equilibrium, 
theip lines of action meet in a point. 

. A stiff light rod ABC, bent so that ABCia a right angle and pivoted to a fixed point 

at C and is maintained with AB vertical 
Md BC horizontal by a horizontal string attached at C. If the tension of the strine 
IB equal to the weight of 8 lb. and BC is 4 in., prove that AB is 6 in. 

4. 0 is the center of a rectangular piece of cardboard ABCD; the piece ^OB is cut 
out and then fitted to and gummed on to BC so that AB lies along DC. Find the 
center of gravity of the cardboard in its new form. | 

6. A mia« of 14 lb. resta on a rough planedncUned at 30« to the horizon. If the coeffi- 
aent of friction la .8, find.^c least force which, acting directly down the plane will 
just move the mass. ’ ■ 

6. Prove the formula for uniformly accelerated motion. 

A point moving in a straight line with uniform retardation describes 7 ft. in the 
fifth second of its motion and 5 ft. in tlie seventh second. Provo that it will be At 
rest at the end of 11^ seconds. * 

7. Defino/orcf and show how it is measured. 

Find (1) in poundals, (2) in pounda’ weight the force which will bring to reet in 8 
seconds a mass of 3 lb. moving at the rate of a mile a minute. 

8. Explain the meaning of the tenns toork, energy, and power. 

Kpd the number of foot-pounde of work done by a mhn who picks up a stone 
weighing half a pound and throws it through a window 20 ft. above the ground so 
that It passes through the window with a velocity of 8 ft. per s^ond 


^ whose horizontal^ vertical components are 

■y-'^nd the greatest height to 


T- ' * ■..« .ue grcBiesi neigftt to 

^ch It will nse and its distance from the firing point when it reacbes*the ^und 

tmopKOMATHT, Statics amp Dynauics. 

(mathematics I.) 

(Threehoun.) 

\As*umeff^9t/or/oo(-4econdunUt,] ' . 

1. Draw the graph of 5 cos z for values of x from 0“ to 60’; and employ it to find the 

angle whose cosine is .8. ' ; - ' . 

2. Prove that sinM=l —coeM. 

Prove that • 

(sinA+sinB) (cqbB-co 8A)=: sin(i4-B) [1 -co8(A+B)J. 

3. Show that in any triangle: 

(I) 6=ac Cos -4-fa cos C; ^ 


(2) tanM=JSE^(*-f). 


$ (s-a) 

If 6=60 ft., c=72’ft., B=52®, find thC^possiblo values ot C, ^ 

4. Two men at A and B observe a balloon situated at a point vertically above the 
line AB (which is horizontaP and between A and B; the angles of elevaUoh of the 

balloon we observed to-be 68 12' and 78‘> 41', and the distance ^B is 240 ft Show 

that the height of the balloon is nearly 400 ft. • 

6. State and prove the triable of forces. 

Knd graphically, or otherwise, the remil^t of tlip following forces acting at a 
PQin^ viz, 6 lb. due N., 10 lb. J(j|i of W., 16 lb.' 60’ N. of B„ 12 lb. SJB. (|^« i 
cnj.,to 1 lb.) : 

6; A fortn, 10 ft; l^g,.wmghs^p.;iti legs are 1 ft. from each endja boy weighing 
Sst^aits 2 ft. fr<nn one ^,.anqtbdr weighing -7 stone sito 3 ft. from the other end. 

Find the pressures of the legs of form on the ground. 



7. T^ovelffiat if three coplanar forcee, wlych are not paraUel, are in equilibrium* 
their lines of action meet in a point. 

A stiff li^ht rod bent so that ASC is a n^ht ^n^le and- pivoted to a fiTod 
point akri, has a weight of 12 lb. attached to it at C and is maintained with AB ves- 
tital and horUontal by a horizontal string attached at C. If the tension of the 
string is equal to the weight of 8 lb. and 5Cis 4 in., prove that ^5 is 6 in. 

8. A mass of 14 lb. reete on a rough plane inclined at 30® to the horizon. If the 

coolFicient of friction is .8, find the least force which, acting directly down the plane, 
will just move the mass. , * . \ * 

0. Prove the formula v*=2/s for uniformly accelerated motion. 

A point moving in a straight line with uniform retardation describee 7 ft*, in the 
fifth second of its motion and 5 ftt in the seventh second. Prove that it will be at 
rest at the end of 11 seconds. / 

' 10. Define force and show how it is measured. 

Find (1) in poundals, (2) in pounds’ weight the force which will bring to rit in 8 
second^ a mass of 3 lb. moving at the rate of a mile a minute. 

1 1 . A body is attach^ to a fixed point by a string. If the body is let. go when the 
string is Uut and horizontal, prove that when the body is passing through its lowest 
position the tension of the string is three tiine84he weight of the body. 

V • 4^ I 

Arithmetic. Aloedra, Geometry, anw.Geombtrical Drawing. 

(matbbmaticr I.) 

(Three hours.) ^ ' 

1. Three bells begin tolling U>gether at the Ates of 50, 55, and 65 times per minute, 
respectively. How s<K>n will they next toll together? 

2. Having given that I cubic centimeter of water weighs 1 gram, that 

1 kilogram «2.2046 lbs. 
and 1 foot=30.48cms., 

find the weight of 1 cubic foot of water to the nearest ounce. 

3. Solve the equations; • 

(1) (.T»-l)fi:42)=jp''; 

( 2 ) . • ' 

N s X*— 5//=0. * . • 

4 Interpret the expressions ai, o-*, and justify your interpretatiop;, 

Simplify I • \ 

5. Rnd the sum of n term.s of an arithmetic progression, whose first term and com- 
mon difference are given. ' ‘ 

y Prove that, it n is an odd number, the .sum of n terms of the progression is n times 
the nliddic term. ^ ' 

Find tlie fifth term and the sum of 5 tcrips of the progression 

. V 2 +I. 1, V2-1 ... . ■ ’ 

0. Draw the^plis of the equations ‘ - 

ic+y=i, y(i-*T)=i 

for tho values of x between — 2 and 3. ’ * , * 

Show that tho second curve has equal gradients at tho two points»wlfere it is cut 
by the first. * ' • . * 

7. Prove that the opposite angles of any quadrilateral inscribed in a circle are sup. . 
plementary. * 

Two circles intersect in A, P. C» D aire any two points bn one circle and CAt DB ' 
cuVthe other circle in P, Q, respectively; Pmve that PQ is parallel to CD, 

8. Construct, a mean proportional to two given straight lines and prove the con* 

. . ^ructipn. ^ 


I 
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^BCJ> ia a rectangle such that the e<jaare on AD ia twice the aquare on AB 
«£ia drawn at right anglea to to meet ^Cin E. Provo that ABU one-third of AC 
• -J U >>»vo one angle of the one equal to one angle of the other and the 

^ual an|trt proportional, prove that the trianglea are aimilar. 
o, » * etraight Hne^5 inchce long and divide it into three parta proportional to 

• UNIVERSITY cd^ltoNDON. 

MATRICUI-ATION EXAMINATTONS, JANUARY, 1916. 

Awthmetic and Algebra. 

Tuesdap, January U-Mornfnf, tOtoI. 

1. Find X from the equation . ' 

J«635-1540X(.W2)^ 

If. .642 denotea a numl>er lying between .6415 and .6425, what are the extreme 
valuea of i7 Give all the required valuee of i to three signiflrant ligiires 

2. A conaumer reccivee notice at the end of a quarter that the charge per unit of 
^t^city aupphrf 18 to bp raised p per cent. In the next qjiarter he succeeds in 
reducing the number of unite conaumed by g per cent. Give a formula for the per- 
centage inrreafle in tl^K|9kll for the quarter. 

If p«10, and the bill is dfcreased by 6^ per rent, find q. 

3. There are two kinds of floordoth of the same pattern, one 27 inches wiilc 
costing 2s. 6d. per yard length, the other 45 inches wide costing 7s. Gd. i>cr yard length. 
A l^y requires 21 square yards of floorcloth altogether aiKUmye as much as she can 
of the wider kind, but is determined not to spend more than £5, What length of the 
wider kind will she he able to buy? 

4. Resolve into factors 




(i) x‘+2x-;/H >ff. 

(ii) a’-ab-3a+Jh 1^, 


and simplify the expression 


o*-3(a-l)*+3(o-2)«-(«- :$)*. 


K rr* 


ai-l-1 ■ 


ffc+l 


1 k * 

and express xdn terms of a and c, and 

check the result by putting c equal to unity. 

Solve the equations 

(u) (l-3)(i-4 

*+y= 

7. (i) If .3*’-H2l»-|-8y»-|-12i-lOy-63=0,‘find y when i=7. 

. (li) Find the Values each correct to three significant figures. 

8. Draw graphs of the equations 

. (i) y-ar-lte-l-**, 

• . (u)y-12r-29-a?. .' 

for what valuea of s is 27 than m-29-s>7 


r-4)={y-»(y-6)[ 
*+y=9 ^ f' 








'itiiiV-iiifc' 
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9. A 8um<of £1,000 is set aside at the end of e^h year and invested at 5 per cent 
compound interest. Find approximately the total sum accumulated at the end ol 
19 years, including the £1.000 set aside at the pnd of the nineteenth year. \ 

[Use which jrou require of the following; 

(1.05)»«=:2.406619 (1.05)*»=2.626950 (1.05)*‘'=*2.653298.] 

^10. A and B could between them type 4,500 pages of manuscript in 100 working 
^ *0- After 36 working hours B was replaced by C, and t^ 

lirat half of the task was completed in 54 working hours from the start. After 80 
working hours from the start B returned, and all three just finished the task in time 
liiid the average numlier of pages typed in an hour by A. by B. and by C 




Gbomktry. ' 

Tufiday, January lt~~A/iemoont t.SO to 5.S0. 


1. Prove that, if two sides of a triangle are unequal, the angle opposite the greater 
side 18 greater thau the angle opposite the less. Also, state and prove the converse 
of this theorem. 

Inanwute-angled triangle in which XB ie greater than riC, the Unee drawn . 

to tl** oppoeito sides intersect in 0. Prove that OB is eiteter 

than OC. 

2. Prove that the diagonals of a rhombus bisect each other at right angles. 

The side BC of a rhombus ABCD is produced through C to a point E so that CE 
18 than BC. The line ED is drawn and produced to cut CA produced in F 

and F 18 joined to B. Prove that the angles BFA. EFA are equal. 

3. Prove that parallelograms on the same base and between the same parallels 

are equal in area. . 

ABCD, AEFG are two parallelograms having a common point, at A. and having 
the vertex E on BC. and the vertex Z> on Jp. Prove that the paralleloenms are 
equal in area. , 

4. In a right-angled triangle prove that the square on the hypotenuse is equal to 
the sum of the squares on the other two sides. 

If two unequal right-angled triangles ARC, ADC are drawn on opposite sides of 
^eir common hypotenuse AC, and if AM, CN are drawn perpendicular to BD 
cutting it in if. N, prove that BilT+B *-f DN^. . 

5. If a straight line AB is bisected at C and produced to any point D, prove that 

CB»«AB. BB-fAC*. * ^ 

Show how to find the position of Z> by a geometrical construction so that the rec- 
tangle AD. BZ). shall equal the square on AB. * 

6. Show, with proof, how tp construct a square equal in area to'‘a given trianirle 

illustrating your method by a well-drawn figure. \ ’ 

7. Prove that the angle at the center of a circle standing on a given arc is double 

any angle at the circumference standing on the saale arc. 

Prove that, if a square be described externally on the hypotenuse of a right-angled 
tnangle, and the right angle be joined to the center of the square, the joinimr Uns 
• will bisect the right angle. 

8. Tie angles A, B of a cycUc quadrilateral ABCD are 110®, 86®, rmectively. 
and AB subtends iin angle of 66? at the point of intersection of the diagonals. F^d 

the angles which the rides subtend at the ^ter ol the circlS. • 

9. Prove that in equal circles (or the same circle) equal imglee at the centeii itaad 

on chords wUch are equal. * 

Given the base BC end the verticel angle A ot a, triangle IdBC, the angle A 
acute; prove that if BJ/ ia drawn perpendicular to jIC, cutting it in M, and if GN ' 
ia drawn perpendiculu to AB, cut^ it ijn JV, the line Jfffia ol content length. 
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ihit pi^^uced, meet in a point P, prove 

that the roctanglee PA. PB and PC. PD are equal. ™ 

cut a third circle, the chorda ol interaertion 

Ttenlt®*"* Prove that AB, CD. £F, produced if neceaeary, 

iDtenect in a common point. 

* MKCHANieS. 

wu$u»daf, January li— Afternoon, t.30 to S.SO, 

1. The gravitational acceleration at the aurfMe of the moon ia approximately 5 4 

unwr f*^fK ‘>>*ti»etakenbyaprojoctile%ta^^^^^^^ 

pward from the aurface of Uie moon with a velocity of 120 feet per accond to' 
retom to ita starting point, and (4) the maximum height reached 
How do theae reaulta compare with thoee upon the earth’a aurface? 

2. Explmn toe variaUona of the force between the floor of a lift and the feet of a 
mm atmding in it dunng the upward and downward joumeya from reet to rest 

.I,!'. po««r, and explain 

between (a) force and momentum, (6) force and work, and (c) work 

^e bob of a aimple pendulum ia deflected ao that the atring makea an angle of 30» 
into toe ve^cal. It ia toenreleaaed Calculate the direction and magnitude of 
the Acceleration with which the bob begins to move. 

of parallel forces acting in a plane ' ' 

of ‘he angular pointa of a horieontally placed 
^lar he^n of aide. a. Find the line of action of the aingle force which would be 
in equilibrium with toe weighta. .wmen wouia oe 

nUn ^•*’** 1 ^ PMCiple of work to determine the mechanical advantage o/ a smooth 
SSd foref ® horizontal, the load being raiaed bjThorizontally 

Show what would be the effect of friction on the mechanical advantage; aiwfexplain 

what la meant 6y too efficiency of a mkchine. ,»Hi,e*piam 

7. Define the denw'ty and the rehlive dentUy of a aubetance.. ' • 

Deambo wrefully how you would carry out-uaing a suitable bottle-a determina- 
Uqdd^ density of (a) a Uquid, (4) a powder soluble in water, but inaoluble in the 

*. Explain how the pr^ure of the atmosphere can be, accurately measure.' 
t- wi “ mercury barometer reads 67.2 cm. What is the premure 

^^^ogtama weight per aq, cm,, given that mercury hag 13.6 times toe density of 



APPENDIX D. 

ENQIiAND. 

ENTRANC£ SCHOI^RSHIPS EXAMINATION PAPERS. 

CAMBRIDGE UNIVERSITY. 

Examination for Scholarships^ *£xHiBmoNs, and Sizarships. 


Trinity t Claret Trinity IJallf,Peterhnuse^ and Sidney Sussex, 
0 . December 7» 1010. 9-12. 


1. The linos ABt BEt CF are drawn pcrpondicular to the sides BC, CA, AB of 

the triangle ABC, and BF, F/>, DE are drawn to cut BC, CA, AB, respectively, in 
-Y, YtZ, The tangents at A, B, C to the circle ABC cut BC, CA, AB, respectively, 
in B, Qt B, and B, if, JV are the middle points of APt BQ, CB, respectively. Prov^e 
that the six points if , F, B, L, If, iV are on the radical axis of the circles ABC and 
DEF\ . ' 

2. A, B arc the points of contact of a common tangent of two given circles, and any 
line parallel to AB cuts one circle in P and the other in Prove AP and Btjlnter- 
sect on a fixed circle coaxial with the given circles. 

3. Find three points X, F, Z on the sides BC, CA, AB of the triangle ABC, tuch 

that YZt ZXfXY will pass, respectively, through three given collincar points L, 

MtN. , ^ 

Hence, or otherwise, find the points of contact of three giv<^^ngents to a conic 
having also given the pole of a given straight line. 

4. Prove that, if n is a positive integer. 




i-pi+- 


1J.2» 






(nHhl).. . (n+l)(nH-2) 




12.2* 


f (n-H)( n+2)(n+3)^T_L. . .1 

i*.2*.3* ^ / ' 


5. Prove that, if a, /?, 7 are the three roots of the equation 

*®-21x-l-35=0; ^ * 

then will 

a*+2a— 14 be equal to or to 7 . 

6. Prove that 

cos 2a sin (d“ 7 )+C 08 2/3 sin ( 7 -a)-l:f 08 2y sin (a-/3) ' . • 

«4 sin sin i ( 7 -a) sin i (a-/3) {cos (/34'7)+jco0 ( 7 +a)+cos (a+/3)}. 

. * 'I 

* 7. The diameter AB of a circle is produced to C so that BC is equal to the radius * 
OS of the qircle; CD is drawn perpendicular to OBC aqd CD^BC: A point P is 
taken on the circle on the same side of AB as the point I>, and such that Z AQP is 
half a right Angle. Prove that, if Q is the point where PD cuts the circle, again, 
ZBOQ is 1.0Q1 v^ians, very nearly. 

d. J^ve that' chords of the ellipse which subtend a right angle 

id a given point P of the ellipse intersect the normal at P in a point P^, such that PP^ 
is equal to 2a6d/(d^+6’}, where d is the semidisXheter conjugate to CP. 
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9 Show^lt ’, «<her ellipse in four concyclic points 

of . I 1 ^ mterscction of normals at lh6 extremiUcs M ehonli 

t? X“° "/ 1* """• “ V. 1* •" tt. oonic 

the hZ ^ h I''-" «f !>« verUces are on 

ionii “-^=?.-Pectively. the locus of Ure third vertex J ir* 

(Ai+Aj)^^— 4X,X27*=0. 

. n. Show that if e and « lie ^.eiween 0 and v, a’ is lo^ than 1, and 
(^“2o COS (l+2a COS 0+a*)«(l— a*)*, 

f ' cos e+Q> \ 


dft> Hin ift" 


1-u 


12. Prove^that if the chord of curvature throuph the ori<rin is fn^n for 

SpSU » “““ 


n-i 


,.(n+J)^(n-l)r 




*, I>o«?in»)pr 7, 1910. 1-4.'' 

liboKWORE. 

TIIRKE in 0//,J 

1 . Write a short account of the method of projection in geometry Include in ihi. 
^ount the properties of a projected 6gure corresponding to (a) circle (b) n^M^ 
(c) a pair of equal angles, (d) middle points of jines, and («) foci of coni™ in^r®'“’ 
nal 6gure, and illustrate your theory by staring in a form trim for ®,, ®"P* 

. . Prove that if m is prime to o the least positive remainders of the series of integers 

i, i+a, . . . i-f(w-l)a 

with respect to m are a permutation of the ..umbers of the series 

- *0, 1, 2, . . . 0n-=l), 

and that 

o*<’">-l = 0(mod.m), . ■ * 

wtere « (m) is &e number of integers le.ss than m and j.rime to it 
Sh^w IK f-f <^‘''“‘hie by m if, and only if, «. L a prime 

Show that if m la a pnnie and p<m, - Frimo. 

, , (P-l)'(’»-P)'+(-l)'^'=0(ni)d,m). 

■ i.u “ ““ “■“» ■" -■! M- 

reiltf ^iT f ®.' » differential coefficient, develop methods and 

9T« *-♦{<), y~m {«) by an intniisic equation, (d) by a p. r equa&n, and («) 
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“ of » Hno whose equation containe' one variable p^eter Annlv 

such of thm fomuhe ae are auitable to the caeee of the ellipse and the pambola 
• Stsj^ng withfany definition of exp x or log xfwherc i is a real variable, develop 
the principal pro^mee of these functions, including among your results the expan- 
sions for exp * and log (1+x), the equation. 


and the relation 


X 1 

5(logi)=-p 


lim> 


Explain, alao, the connection between <*xp x and 


dejend'”'"' «“ ^hioh graphic methods as applied to statical problems 

B. I.nveeti^te the various theorems concerning the conservation of enemy and 

^ticl^^'^*^'"* *** ““<>«' appropriate conditiqns for a system^ two 

i*pply your theorems to the solution of the following problem: Two particles of 
masses m and m' ^ connected by an clastic string, of natural length land without 
mass, and arennitially at rest at a distance }l from each other at points A and B 

to ^ aid H Porpendicuto 

to AB and toward A, respectively. Discuss the subsequent motion 

C. Investigate the various problems arising from tlje collbion of smooth elastic 
spheres. In parUcular consider the loss of kinetic eneigy. 

A mass mof water imues per unit time from a pipe with uniform velocity u and strikes 
a pul which retains it, there being no elasticity. Initially the pail is at rest and at 
subsequent instant is moving in the direction of the stream with velocity V.' Prove 

’ d<“ Jlu> > 

and that the loss of encigy up to this instant is 

'iMuV. 

where Jf is the mass of tho pail, and gravity is omitted from consideration " 

D. InveeUgate the theory of the isochronism of oscillations, considering’harmonic 
motion in general, moUon on a cycloid, and the sqiail oscillations of a pendulum, 

^ ’ December 8, 1910, 9-12. 

Foh Cskdidatbs w MAraBMATica,. IN Mbchanicai, Sciences, and in Mathematics 
Applicarle ro Physics. 


majf hi emploiftd fvt 


Hathemaikal tabUt and iinated paper are jmvidtd, and mathematical irutrumenu 
calculation. sew 

(hndidaUe for matkematkal oMarekipe are to omit queetione A-t?. 

A. Prove the formula 

* . cofl (4+fl)*"C08 a 4 cos riu .4 ain 

Show that , " . 

n w j **“^,““f®-C)+*>“^«'“(C-ri)+siiiCsin(A-B)-0. 

B. Find the length of the perpendicular bom the origin to tl^ine ' 

Find also «e equatioM of the two Imes which are parallel to this line and at twic* 
Its distance from the origin. • . .•uuanwioe 


■ • . '■ 


.'V.' ■■ 


o 
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C. Trace the curve y*— 10a. and lind the points where it is cut by the line 
Prove also that the line cuts the curve at angles ^ and K>ven by 

tan ^=4, tan^^«f ♦ 


1. The hisoctor of the angle -<4 of a triangle ABC passes through^ the center of the 
square dearrihed externally on BC. Show that ^ is a right angle., or that AB=^Ac 

2. ABCD is a quadrilateral not inarrihahle in a circle. Show tliat 

.4 C.fli)<.4 Z>. 

3. The rootfl of the equation 

a:^-12jr»+51j*-02i+fi0«0 ' 

are all integral: find them. ' i» 

4. Prove that if i; is the nth root ef a, the error involved in taking -r for the (n+o)th 

root ol a is ^ ^ 

where 


. n+9 

is small. 

Estimate roughly the extreme magnitude of this error when x and ,7 are not greater 
than 1.000 and 1. respectively, and n is not less than 200. 


5. Solve (graphically or otherwisi?) to two significant figures the equation 

X*-102-ll=0. 

4 * 

6. Find the general solution of the equatibn ^ 

cosec 4o -cosec 40— cot 4a-cot 49 , 

7. Solve completely the triangles in which 


0=113, 6=152, .4=27®. 

8. In an acute-angled triangle ABC, if L MNit the pedal triangle and p its in-radius 
show that 

LM . Af.V . .V/;«2pA, 

where A is the area of ABC, 

*9. Intorprot the equations obtained by eliminating x and y in succession between 
Uie straight line x+2y=3 and the conic x*-3y>=22, and hence (or otherwise) prove 
that the circle described 4>n this chord as diameter has for its equation 

x>+y»+ 18 x- 12 y-l 23 = 0 . 

10. Find the relatioA.between the eccentric angles at the extremities of coniSgate 
diameters of an ellipse. * ° 

If the ellipse be ' 


prove that thq tangents at the ends of conjugate diameters intersect on the cllinse 
* i7«»+y»/6>=2. , 

and that the corresponding normals meet on the curve 

2(aV+6V)*«(fl*-6»)^(ay-6iy>)» ' 

11. Prove the rule for difterentiatmg the quotient of two functions. 

Find the differential coeffidents of 
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12, A bell tent coneiste of a conical portion above and a cylindrical portion near the 
Ground. For a gfiven volume and a circular baee of given .radius, prove that the 
amount of canvas used is a minimum when the eemivertical angle of the cono ie 

(I). 

13. Integrate the following expreesions: / 

. , (**+37+2)’ ***“**' V5^+VJ+^ . ' 

iV^ppIy the iqtpgi^ ralculu» to evaliukto 

(i) the area of a parabola cut off by a lin^ perpendicular to the axie; 

(ii) the volume of a sphere. 

15. Trace the curve xy*=4a* (2a— z) and prove 

(il that the*area between thcTilrve and the axishf y ief 4ra*; 

(iif that the volume generated by the revolution of the curve about this line 
ie2rV. 

Deoomber 8, 1910. 1.90-4.30. * 

Fob CANomATBe in MArHSMAncn, in Mbchanical Sciences, and in Mathematics 

, . .\PfLICABLE ro Pl^sic-S. . ‘ 

Mathmatkttt tablet, and i^red paper^ are provided, and ■mathematical inttrumenU ma^ be emploped far 
enlculatUm, ' . ’ 


1. A-ship leaves a certain port and steams N.W. at 15 knots; 10 hours later another 
whip loaves the same port, and steam.s W. S.W . at 12 knots. Their wireless instruments 
are capable of communibations up to 500 nautical miles, how long may the ships 
expect to remain in touch with one another? 

|A knot=sa'nauti<.al mile an hour.] 

2. A train passes4i^^tion A at 40 miles per hour and maintains this speed for Tpiiles, 
and is then uniformly retarded » stopping at 5, which is 8 miles from A. A second 
train starts from A the instant the hrst train passes and, being uniformly accelerated 
for part of the journey and uniformly retarded for the r^t, stops at B at the sime time 
as the first train. \Miat is its greatest speed on the journey? 

3. A tramcar starts from rest and its velocities at intervals of 5 secondsi are given in 

the following table: • *< . . ^ ‘ 



0 

5 

10 • 

15 

20 

25 


V^elocity io miles per hour . . . .■ 

0 

■ 

8.1 

11.8 

H.6 

10.3 

17.7 



<>dculate the distance in vards traveled in the above time. 'TOBo, if the car weighs 
8 tons, estimate the effecti^ ^ pull exerted on the car at the end of 20 seconds. 

4. A particle is proje i from a given point with a velocity whose vertical com- 

ponent is given. Pro\ ^hat the initial angular' velocity about the focUs of the path 
is ^eatest when the angle of projection is 45®. , ^ 

5. A smooth sphere is tied to a fixed p^int by an inelastic.string, and another sphere 

impinges directly on it in a direction makiftg an acute angle with the string. Show 
that, if the second sphere is reduced to rest by the impact, the ratio of the tot^ huihtic 
eneigy after the impact to that before is equal -to ^e coefficient of restitutioii. ' 

6. A light spring is such that m lbs. weight compresses ii a feet. It is compressed 
c.feet (c > a). If mMbs. is placed on th^top and the spring is released, find the con- 
dition that the weight will leave the spring, and its velocity when this happens. 
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7. Four equal moasca are attached at equal diatancce A, B, C, D at pointa on a light 
atnng. and so placed that Z ^ J?( •/>= 120», and the various parts of tl» string 

we stn^ht; an impulse I is given tojthe mass at A in the diiwtion BA, show that the 
unpulflive tension in AB is J| /. 

8^ A heavy uniform beam. 8 feet long, weighs 20 lbs., and at mie en<l it. carries a l.«d 
of 20 lbs. and at the other ynd a load of 10 lbs. The beam thus loa.l.sl i, to be carri.-l 
on a certain support. Find by a graphical construction the |awition of the support 
If the beam Ls to rest on two support^ which are to divide the loa.1 in a given nitio 
show how to hnd on your diagram any number of suitable pairs of points, antFlind the 
|)ositionof the supixirts when they are at a distance 4 feet apart, the prtasuros on them 
being in the ratio of 3 to 2. - 4L 

9. A iriixxl ronsisU of throe equal rods, eaeh of weight to, snuwthly jointed at the 
upper ends. It is placed symmetrically on a rough hon>.onlal table, for which tlu‘ 
angle of fri<ti.m is 0, and a weight iris put oa the top of the tripod. Show that the 
rods can not make an angle with the vertical greater than 


tan - 




2WA^'3w 


^tan ^ 




10. Two equal uniform rods are fastened together so as to bisect bhXnother at right 
angles. They rest in a plane at right angles to a jough viTtll, the one rod noting «ui the 
wge of of the wall, and an end of the other against th«* vertical sifre. IVove 

that the limiting inclination $ of the second rod to the vortical is given by the etjuutinii 1 


/ tan d cos^X=cw(X-f d) sin (X-^); i 

where X is the angle of friction. • ^ \ j 

11. T^e figure ABCD represenu a freely-jointed light pUi^ framework,; with forces 
acting in the plane at right angles to BCD. Show tliat.it is in equilibrium, and 
- prove, gn^hically or otherwise, that the streasos in A are eipial and iof opiwsite 



8&lb 

* 


12. Two ^ual friction-wheels of radii R inches turn on axles B, Oof radii r inches ' 
the roeffici^t of friction between wheel and axle is tan A whiUl of weight IK is 
at^hedto an axle of radius a inches which resto on the circumferences of the first two 
, wheels as m the fig^. Neglecting the wdgh^l the wheels B and C. show that the 

' least couple which wilhotate the wheel A is Wi®-^, where sin ^^in the ccDteis 



of the three wheola forming an equilateral triangle. 


I (Altkrnativk Quebtions in Piiybicb.) ^ ' 

/ 13. A diving bell has the fonn of a paraboloid . of revolution cut off by a plane per- • 

I prtulicular to ite axis at a distance A from the vertex, where k ia the height of the wat^ 
j barometer. 1 f the'bel I be lowered ao that it« verter is at a depth 5A/2 below the surface 
/ of the water, find how high the water will rise in tlftj bell. 

/ 14. A battery is connected to a galvanometer of 40 ohms resistance, and a certain 

I current is obserx ed. The galvanometer is now shunted with a resistance of 10 ohms, 

/ and the current in the galvanometer foils to one-half of the former value. Find the 

internal resistance of the battery. 

15. The coefficients of cubical expansion of mercur>' and brass are .00018 and .db006 
per degree centigrade. A mercury barometer with a brass scale reads dorrecUy at 
16® C., standing at 30 inches; what will be the error at 36® C.? 

16. One cubic foot of air at a tem|>erature of 600® C. absolute is expanded isotherm- 
ally from a pressure of 120 lbs. per sq. in. to twice the initial volume; it is then 
expanded adiabatically to three times the initial volume. Find the pressure and ^ 
temperature at the end of each stage and calculate, graphically or otherwise, the work 
done and the heat units taken in during each stage, taking the mechanical equivalent 

of one thermal unit as 1,400 ft. lbs., and the eejuation for adiabatic expansioz^of air as 
/ pv*>=^const. 


% . 
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APPENDIX C. 

FRANCE. 

CONCOUR8 FOR ADMISSION TO THE NORMALE^SUPfiRlEURE 

. AND FOR THE BOURSES DE UCENCE IN 1913. 




Matiikuatics.^ 
Gfiorp 1, 

I. 




- (Tim«: ) 

Being given three axes of recl^gular cooniinatee Or, Oy, Or, coniuder tlie-surfice (S) 
defin^ by the cMjuation :«ry+r* and the lino (D) deCneii !iy the e(*uations y«6. r «r, 
where b and cmrp two giren conaUnto, the aocond not being zero. In all that follows 
this line (Z)) remaina fixed. 

1. Show that the surfaro (S) is ruled and find its generators. 

2. To earh rectilinear gi-nerator (G) of the surface (S) cslablish a rom‘si>ondoii<>e of 
the plane. C/*) drawn through the-4me (/>) and imrallH to the line symmetric to 
with respect to the*plane rOy. Determine the locu.*i of the jHiint of inu>rsectionof 
and of (P), wljefc the line (O) describee the^urfaiT* 

Show that this Iik uh is a t urve (C) aituaUni on a^^uadrit* t<^). and detenuino this 
quadric. ' 

3. Fonn the equation of the fourth degree, giving the abscitvas of the points of inter- 
Boction of the curve (C) with a plane given by its e(|uation ttr-f vy-f-trr-f 1=^0. ('alcu- 

^ late the elementary symmetric functions of the roots asa function of u, vjr, 9, From 
this deduce the relation which the abscissas z, , x,, r^, of four points of the curve {C) 

must satisfy in order that these four points should be in the same plaue^ 

This relation will be useful in moiit of the questions which follow. 

4. Dedmx? from the pret'eding relation the conditions w hich the abscir^s t , x.. r . 
of three points of the cune (C) must satisfy in order that these three points shali IW 
col linear. 

Form the general equation of the third degree of which the roots are the aliecissas of 
th^ collinear points of the curve (C). Show that the lines which cut (C) in three 
points generate one of the families of rectilinear generators of the quadric (Q), 

5. Show that the necessary and sufficient condition that the oeculajHng. planes to 

the curve (C) in three given points cut on t|ie curve (C) is that the three taints are 
collinear. , ^ 

•6. Through any pci.vt Jf of the curve (C) there pass two planes enjoying the property 
of being tangent to the curv*e (C) at the point .^and in another point (that is tesay of 
being bitangent to the cur\ e). Suppose M' and M" are the second points of </ontact ? 
ef these two planes. Show that there exists a plane bitangeot to the curvd (C) in iZ' 
and II". — ^ / . 

What conditions must be aat^fied by the abscissas of the three points if, V, H", 
of the curve (C) in order that any two of (hem are pofnts of contact of a plaim bitangent 
te the curve (C)? • , * . 

« The ^utioBs of the followliif problems are to be fgoxid in HoweUti A nmtu it Udaumaik%a, tome 73. 
Oet.-Nov., l»14, pp^4«7>ifla. , I 

262 ■ . . • ■ ■ 




APPENDIX O. 253 

7. Form tho fErner»1 equatio^^ tho Uurd dogroe whoso roots are the abeciaHu ol the 
points Jf, M\ M'\ of the curve {€) eubj^t to the preceding conditioiis. Expfesa the 
coelf^onts of this equation by means the al)scissa « of the fourth point of intenwo 
tion |i of the curv'e {€) with the plane (r) determined by the points M, 

Talculate, in terms of « the coofTicieuti of the equation of the plane Jr) and the 
mordinatee of the point of concouhie,. Ay of the tangents to the cur\*e (C) at the points ‘ 

U. M\ M". This point A is said to be the point associated with the point m of the 
T\ir\r>lO, 

8. Show that there exists an infinity of quadrics, depending only on 5 and r, with/ 

n^jipect to which the point A is the |v>Ie of the plane (r); detemiino these quadrica^ . 
and show that one of them is the quiulric ((^) aln^ady consideied. j 

lH>tcn'iino the loc'us (T) of tho point Ay also the envelope of tho plane (r), when t)^ 
piint #1 describes the cun*e (C). y 

t*. With any three collinear points ^i. Mi. on the cur\*e (C)are associated the th^ 
wrtices itj, A^, A,, of a triangle, inscribed in tho cur\*e (T). Determine by suppofuiig 
6«0. the envelope of tho sidoa of tliis triangle when the lino \‘aries. Show 

tliat in the same hypnosis tho circle circuinscrilicd about tho triangle i4, Ag A^ 
}iassee through two fixed poiniU. 

/ . "• 

(Tqpr: 4 hours.) ‘ 

Given two rectangular a^es, and tho diffenmtial equatjim 

1, Show that this equation admipt of an infinity /of solutions, the curves of which 
tho equation is of the foi^n y*»/(x), f(ir\ dimuting a polynomial in i. Write tho geji- • 
cral cM]uation of tho curves T; show tliat through ovory point of tho piano t!i»*re passes 
oiihor one or throe curres C, and dotorniine the n*gion of tho plane when' tho point 
ought to bo found in ojriier that tho nunilH^r of I ho curvo.s whirh jia>w through *it shall 
rqual three, detonniiie the Im'us of the points such that two of tho cur\*es C which , 
pass through one of thorn are orthogonal. 

. 2. Given the point A (r«0,5, y=aO). I^et P bo that one of the curv'os C which 
fiasses through A is ooncayo toward the i>osifivo part of the axis Ox; let B be the 
|K>int of the cur\’c/P which has for ordinate v^fi. Suppose is tliat onoof thecurv’esC 
{)ossing through and cont'ave toward the m^gativo j>art of the x- axis; suppose finally 
that A' is tho ponit when* this curve cuts tho axis Ox, t'alculaU* the area bounded by 
the arcs of curyos P.'f', and (he axis Ox. * 

3t a mo\ing })oint. starting from A, traverses suci'easivoly tho irt-c ABot P, thenlhe 
art' BA' of Qj Its tangontial acivleration is constantly ocpial to its velocity,. and its 
initial velocift)' is etjual to 1 ; at tho point B suppose that the volcK’ity does not change 
in magnituae, but only in direction, ('alculate to the nearest tenth the tinje taken 
for tlie pomt to traverse the arc ^45^4'. , ^ 

. 4. At the point By tho acceJeration of the tnoWng point sufTore a discontinuity. ‘ 

Calculate, by ii4projertions on the two axes of (X)onlinate8, the geometric variation 
of the v/ector-accelcralion at the point B. ■ 

Groop II. 

I , ' 

Consider In a plane two rectangular coordinate axes Oj, Oy. A material point 
of maoB equal to unity, ia movable in a plane under the. action of a. force (P) of wliich. 
me projections X and Fon the axes are X **x, y?»y— 4x, x and y denoting the cpqr- , 
^inates.of the point iiT:. . . ' 

i. Form and integrate the dUferential equations of the motion of the poin^ M, 

2y Detenmne the motion of M in supppmng that at the banning of the time its 
coordinates are (a, 0) and that its \elocity has —a and 2or for projections on the axos. 
Constivet the trajectory (P) corr^oi^^i<^ ^ this motion. 

.. •: : V '• . ■ ■■■ r- , ^ ‘ ’'y<h 
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3. telcul^e the time taken by the moving point in going from any point Jf of it« 
‘ ^ *"**•“* ** t«j«ctory i. puaUel to the 

of ‘ho motion is a homothetic curve of the tmiectorv 

(JO and calculate to the nearest tenth the ratio of homothety ^ ^ 

of th Ji^l^'v *17 ^ Ev^footo. in ‘enns of the abscima 

of the point if. the ares bounded by the arc of the cur>e Oif and the chord Oif^ 
tho volume generated by thia area turning about Oy, ' 

II. 

Evaluate to the nearest hundredth the integrals: 

* -fir dx r, 

J ^ 2cos z'-f 3 * J ^ 


dx 


(2C0SX+3)* 


ihfTh^T concerning the empham on analgtieal geemttry in 

naU dt I EniexgnementMathematique. Sout.ComminwnFrantaite, RapporU, vol. t). 




I . 
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APPENDIX D. 

\ FRANCE. 

AqR1^.0ATION D £8 ScIENCBS MATH^lfATIQirBS. 



com^re in difficulty with those to which the candidate for a French agi^tion ia 
required to submit, it seems worth while tq give fuUer details. I therefore eubjoin: 

I. Concours pro^ams (annoMnced ' ^11 montha in advwiA). The examinations 

were on topics selected from the program. 

II. The corresponding examination papers. The four written examinations occurred ' 

mthin five consecutive days. *The first paper may seem short for the time 
allowed (seven hours), but when the enonnously high standard in presentation 

and detail is taken into conaideimti 0 n, this is notiound to be the case, 

L PROGRAM FOR THE CONCOURS. 

\ — General Pbooram IN Analtsm AND Mechanics, 1914.* 

Since the programs for the certificats d ’Etudes sup^rieuree vary among the different 
umvermtiee, the juiy indicate in the program below the minimum ©f general knowl- 
edge which the candidates for certificats in analysis (differential and inte^I calculus) 
and mechanics are supposed to have acquired. 

The eubjecUof^the "compodtioM*’ in diffwential calcnlue, integml celculus end* 
m^hanice wiU be choden from Noe. f, 2, 3, 4, 6 , 7, 8 , 9, 10, 11, 12, 13, 14, and 16 of 
this program ; their scope will not exceed the standard set by the subjects of problems 
proposed for the corrs^nding certhicats for the licence. . 


1 . Fundamental operatimu o/ differential and integral ealeulue; Derivatives and 

difforentiab; simple integrals, cnrvjlineM integral-integrals of total differentials 
double and triple integrals. * 

2 . Applicationi of the differential’ ealeulue: Study of functions of a real variable 
(Taylor’s formula, luxima and minima, functional determinants, implicit functions)* 

calculation of derivatives and differentials; change of variables. Order of connection 

' and class of an area. ^ 

3. Applicationi of the integral caleulut: Prof^esses of integration. Length of an are 

of a curve (planeand gauche), areas, volumes. DifSfereritiatien and change of variablee z' 

under the sign //,■ • ■ Stud y of the integralj* / (x) dx when one pf the limits or*^ I 

the faction becomes infinite. Green’s formula. Study of functions represented by 
• Certain series. Properties of power series. , 

4. £lemenU of infiniUsirml geometry: “Infiiutesimifl j^roperties” of plane and 
gauche curves (curve envelopes, curvature, torsion). Infinitesimal properties o9. Rik 
surfaces; surface enyelopee, summary of the results on contoct transformations; ^ 
develoi^e surfacee, ruled surfaces; Meusnier’s theorem; principal sections. CJco- 
jugate li^, lines of curvature, asymptotic tines in any cundtinear cooidinatej. 

» BiUUttn adminUtroUf du rntfOeUn de Vitutruoton pvbUpu, umSi 1918, 36 JolUst, p 0 . i 73 .i 74 AK 
tboofli the prognun^or 1918 was publifbed, no exsminitlon hie beta iteM 1914 

101179*— 18 ^17 \ \ m ' " ' . 


Dotbrential Calcitlus and Integral Calculus. 
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b. Elema^ /uTuti^ of a complex variabU: Simple algebraic functioas: circular 
and iQganthmic functions. 

* * .■ * 

6. Theory of arudytic function*: Properties of the integral jf(t) dt. Series of Taylor 

ani of ^uront. Poles, essentially singular points, residues. Reduction of the 
hyperoIlipUc.int<*iiile. . 

7. Differential efuati^ of the fret order: General solutions, particular solutions 
^gular »iluUons. Simple types of integrablo e<|uation8. Integrating factor’ 
^eorcin of Bnot and Bouquet on the existence of the solutions in the cases where 
the known functions arc analytic. 

Sr Differentml equatym* and eyttern* of equation* of any order; General aohition, 
•SuoM "*• Simple types of integrable equations. Linear’ 

9. Inteyralion of linmr partial differential equation* of the pH order. 

10. InUgration of differential eqmtior^ (partial or total) of the pH order. 

Mechanics. 

* 11. Static*: Cornposition of forces applied at a point. Attraction of a spherical 
,. “‘**'1^"®.®’'®'' ** Of interisT point. Elementary properties of poten- 

rJt «o a soUd body, fconditions of equilibrium of a 

solid body. Applicaftons to simple machines. Funicular polygon. Suspensioii 
bndges. Catenary. Pnncipal of virtual work. " 

12. Kinematic*: Velocity, acceleration. Movement of a plane figure in i'ts plane. 
Representation of the movement by the rolling of a moving curve on a fixed wrve 
M^ovement of a solid bo<ly about a fixed point. Representation of the movement by 

rolling of a. moving cone.on a fixed cone. Movement of a solid body in spare, 
lieliroidal movomont. Uolativo raovoments. Theorem of Coriolis. 

13. J^namics.o/a particle: Work. General theorems. First integrals of the equa- 

tions of motion. Application to the motion of th<S planers. Movement of a point 
on a curve or on a surface. Pendulum in a vacuum and in a resisting medium. 
Conical pendulum. Geodetic lines. . 

14. Geometry ofnuute*: (.'enters of gravity. Moments of inertia ' 

16. Itynamic* of *y, tern,: General theorems. First integrals. Energy, stability of 
equiUbnum. Movement of irtolid body about a fixed axis. Pressure supported by 
the axis. ( orapound pendulum. Movement of a solid body about a fix^ point 
General- movement of a solid body. 1 aw of fri.-tion and slipping. Application of 
the pnnriplo of m vtva to machines. D’Alembert's principle. laigrange’s equa- 
tions. Relative motion. Percussions. ^ 

16. Canonical equations: .fac'ohi’s theorem. ‘ • 

17. //yifrostntira; Kqigiibriumofanui^iiuiss. Level surfices. Pressure on a plane 
wall. Archimedes s principle. Equilibrium of floating bodies 

18. Itydrodyrunni^; General equations of motion of a fluid mass. Bernoulli’s 
theorem. Torricelli s theorem. 

hE8«ON8.* 

Parts of the programs from which are drawn the subjects 6f the lessons. 


■«* ^“”,1"''^ for 1914 Is given on pp. 17S-I77 of tho ».■»>«- 
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MathAmatiquss SfAculm. 

Serin: Series of positive terms; character of converi^nce or divergmce drawn from 
the study of the expressions: nut 

Absolutely conirerging series. Convergence of series, with terms Alternately positive 
and negative, of which the general term decreases constantly- in absolute value and 
tends toward zero. Numerical examples. : 

Germal propertU9 of alrtehraic equations: Number of roots of an equation. Kelations 
between the coefficients and the roots. Every rational and synunetric function of 
the roots may be expressed rationally as a function of the coefficients. Elimination 
of one unknown between two equations by meaAs of synmietric functions. Condition ' 
that an equation has equal roots. Study of the commensurable roots. Descarteses 
theorem. Complex numbers. Do Moivre’s theorem. Trigonometric resolution of 
the binomial equation. 

Functions: Function of a real variable, graphic representation, continuity. 
nition and continuity of the exponential function and of the logarithmic function. 

Limit of when m increases indefinitely in absolute value. Derivative of a 

function; slope pf the curve represented. Derivative of a sum, of a product, of a ’ 
quotient, of an integral pbwer,‘of a function of a function. .. Derivative of a* and of 
log X, Use of logarithm tables and of the slide rule. Rollers theorem, law of finite 
increments, graphic re prosen falion. Functions of several independent variables, - 
partial derivatives. Law of finite increments. Derivative of a compound function. 
Derivative of an impli<*it function (admitting the existence of this derivative). Em- 
ployment of the derivative for the study of the variation of a function; maxima and 
minima. Primitive functions of a given function, their representation by the ares 
'Of a cur^'e. 

Functions defined by a power series vith real coefficients. Interval of cumveryenot: 
Addition and multiplication. In the interior of the interval of convergence one, 
obtains the derivative or the primitive funclioPs of the function, on taking the series 
- of derivatives or of the primitive functions (functions which extend to the extremities 

of the interval are not considered). Examples:^ Developments in wries'bf— 

i—x 

arctanz, log (1-z), log Exponential series. Binomial ^ries. The 

equations /=y, and y' (1 -fz)=my serve to determine the.sum of the last two series. 
Development into series of a*, of arcs in z. 

Curves whose equation is resolved or resolvable uith reyard to one of the coordinates: 
Tracing. Equation of the tangent at a point; subtangent. Normal, subnormal. 
Concavity, convexity,, points of inflexion. Asymptotes. Application to simple 
examples and in particular to the conics and to those curves of which the equation 
is of the second degree with resect to one of its coordinates. 

Curves defined by the expression of tfte^coordinates of one of their points as f unctions of 
a parameter: Tracing. Numerical exariiples. Curves oLthe second ordered those 
of the third order Vith a double point are unicursAl. * y: 

Curvn defined by an implicit equation: Equation of the tangent and of the norWl 
at a point. Tangents at the origin in the case where the origin is a simple point or a 
double point. Discussion of the asymptotes in the pase of numerical examples of 
curves of the second and df . the third ordor. . . . ; , - ; \ 

Curvature, Envelopes. Developables. . * 

Polar coordinates: Th® transformation into rectangular coordinates, ^nation of a 
right line, Constructioiff of curves; tangents, asymptotes.. Applications (confined 
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' w la.*** ***“ ^ * '***“ pf the 

cutoSir*"' Appli«tiom, iothedr. 

of t*’2Ln{ **^/k'** ^'r^uccd eqmlion: Condition of the contact 

with a surface. Simple problems relative to tangent planes. . Normals 

SSTrSwi Ti^!® ^heerems of Apollonius Wthe ellipaoid and the 

^ ^ Dynamics. 

«JL‘ Definition of fdree and mam.' Rela- 

tion be^een the and the weight. Iniairiability of the mass. ZdamS 

j **’ e P"'"t under the iction of a force, constant 

“?** *1®*'“®“’ ‘he eetion of a force issuing from i fixed center* 

S^^ultantT*®" ® “PPhed at a material point.’ Work of a force, work of 

toe resultant of several forces, work of a force for a resulting displacement. Theory 

potonUal energy of a particle placed in a field of force. ^ 

.nrf Pe*?*- "ot/'-rr- Movement of a heavy particle on an inclined plane with 

2^',, ®" ‘I*? P'“"«; uf the jilane. Small oscillations of a simple 

pendulum withou^ncUon; isochronisra. ^ 

Descriptive Geometry, 

■ roTOlTti^w®'^ Two cones or cylinders. . cone or cylinder and surface of 

rowolubon. two surfaces of revolution of which the axes are in the same piano. 

II.-LBeeoNe on the Subjects of t.ix Programme of the Seconoe aAu Pre- 
MIERB (C AND D) AND MaTQ^MATIQUBS A, ' • 

Seeonde (C and D), 

l^lution of equations of the first degree in one unknown. Inen„alitic.s 
fn discussion of two equations of the firel dcJlee 

anation of the expression oz+6; graphic representation. Equations of the second 
th^^ffl I®”! (theory of imaginaries not discussed). Relations between 

“"‘*1 »"d signs of the roots. Study of the trino- 

^1 of the second degree. Inequalities of the ttecond degree. Problems of the 
a«»nd decree. Variation of the trinomial of the second degree. Graphic representa- , 

tion. Variation of the expression gmphic representation. Notion of deriva- 

tive; ^metncal significance of the derivative. The sign'of.the derivative indi 
^ th, dtreOtion of the variation; applications to very staple numer ^ x^S 

^ in pirticular to the functions studied before. -encai examples. 

O^/ry; Staple notions of homothotic figures. Similar polygons;' Sine cosine 

SKarirtuS^ai’^'^ right angles. Metri’cal rela’ 

SZL!?ta„«i ‘ ® “•“«>«. Proportional lines in the circle Fourth 

. .^lyrtional,; mean proportional, Regular polygohs. Inscription in a circle of a 


*t“t> “ (orois tot tt a point, tbt tooalantlon that tW Imii 
til. (tamalrio Bin. Of th. *«»l.,«i,n. that aach Sf tan. taiJS!^l”,XIX . 
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square, of a hexagon; of an equilateral triangle, of a decagon, of a quindecagon. 
Two regular polygons of the same numl>er of sides are similar. Ratio of their per- 
imeters. Length of an arc of a circle, l^tio of the circumference to the diameter. 
Calculation of t (confined to the method of the perimeters). Ar^ of polygons; area 
^ of a circle. Measure of the area of a Rectangle, of a parallelogram, of a triangle, ol a 
trapezium, of any . polygon. Ratio of .the areas of two similar polygons. Ar^ of a 
re^^ular convex^ polygon. Area of a circle, of a sectoir, and of a segment of a circle. 
Kutio of the areas of two circles. 

Pre7n^(C and D). ^ 

r 4 Geometry. ir 

Transhtijn: Rotation abotit an axis. Symmetry with re.«!pert to a line. Sym- 
metry witW respect to a point. Symmetry with respect to a plane. This second 
kind of syiiimetry is equivalent to the first. . 

Tnhedral angles: Disposition of the elements. Trihedral symmetry. Each face " 
angle of a trihedral is less than the sum of the other two. Limits of the sum of the 
face angles of a trihedral. Supplementary trihedrals. Applications. Inequalities of 
' the trihedrals. 

Homology: Parallel plane sections of polyhedral angles. -Area. 

Polyhcdra: Homothctic polyhedra, siuiiiar polyhedra. Prisma, pyramids. Sum- 
mary of notions on the symmetry of the cube and of the regular octahedron. Vol- 
hmes of parallelepipeds and.of prisms. Volume of a pyramid. Volume of a pyramid 
truncated by parallel sections. Volume of a truncated triangular pi'ism. Ratio of 
the volumes of two similar polyliedra. Two symmetrical polyhedra are equivalent. 
*‘"pherc: Planb section, poles, tangent plane. Circumscribed cone and cylinder 
Area and volume. ' 

Math^matiques A, 

ArithiMlie: Common fractions. .Rcdtiction of a fraction to ite simplest terms 
RcducUon of several fractions to a commonydehominator. Least common denomi- 
nator. Operations with common fractions. Decimal numbers. Operadons (conaid- 
enng the decimal fractions as particular cases of ordinary fractions). Calculation of 
a quotient to a given decimal ajiproximation. Reduction of an ordinary fraction to 
a decimal fraction; Condition of possibility. When the reduction is impossible the 
ordinary fraction can be regarded as the*limit of an unlirmted periodic decimal frac- 
tion. Square of a whole number or of a fractional number; nature of the square of 
the sum of two nnmbera. The square of a fraction is never equal to a whole number. 
Definition and extraction of the square root of.'a ^hole number or of a fraction to a 
given decimal approximation. Definition of absolute error and of relative error. 

« Determination of the upper limit of an error made in*a sum, a difference, a product 
a (|uotient, knowing the upjjer limits of the errors by which the given quantities are 
affected. Metric flystem. * 

Algebra: Mpnomialfl, polynomials; addition, subtraction, multiplication, and divi- 
. Sion of mondinials and of polynomials. Equations of the second degree in one un- 
knorra. Simple, equations which are equivalent. (The theory of imaginarieeis not 
develop^.) Problems of the first) Md second degree. Arithmetic progressions. 
Geometric progresmoiu. Common logarithms. Compound inteKst%nnuities. • 
Trigowmttry; Circular Wtions. Addition and subtraction of arcs. Multiplica- 
bon and mvision.by 2.- Resolution of triangles. Application of b^noinetry to • ' 
various questions relative to the elevation of planm. (The construction of the tiigo- 
Dometric tables is not to be considered.) ' 

Gsomefry.- Inversion. Applications. PeaucelHer’s ceU. Polar of a point with 
, respect tp a circle. Polar plane of a point with respect to a sphere. Hyperbola: 




(fipert to a point; 
rectors; resultant 
ipcct to an axis. 
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Trace, tongent, wymptotes; simple problems on tangents. Equaticti of a hyperbola 
with respect to its axes. Plane sections of a cone and of a cylincjor of revolution. 

Vectors: Projection of a vector 6n an^axia; linear^ moment with 
moment with respect to an axis. Geometric sum of a system of 
moment with reapect to a point. Sum of the ^loments with pi 
Application to a couple of vectors. 

Descriptive gsorrutry: Rabatti^. • Change of’plane of projection ;>^fation about an 
axis perpendicular to a plane* of projection. Application to distafXs and angle.a; 
distance betw^n two points, between a point and a line, between a poirit and a plane; 

. the shortest distance between Uwo lines of which one is vertical or at riVht angles to 
the plane, or of fwo lipfs parallel to the same plane of ^Irojection; romlon porpcii- 
dicular to these lines. Angft* between two lines; angle between a lino ^d a plane; 
angle between two planes. 

Unite of length an<r of time. Motion. Jtolative motion, ^jectory 
of a point. Examples ol'niolion, Rejlilinear motion; uniform motion; velocity, ite 
representation by a vector. Varied motion, mean velocity; velocity at a riven in* 
stant, its representation by a vector; mean acceleration; acceleration at a j iven in» 
stant; its representation by a vector-. Tniformly varied motion. Cu -viUncar 
.motion. Mean velocity, velocity at a gi^ instant defined as vectors. Algebraic 
value of velocity. Hodograph. Acceleration. Uniform circular motion, angular 
velocity; projection on a diaraetor. Simple osciHatinn in a line. Change of the 
system. of ^mpanson. Resultant of velocities.' Examples and applications. Purely 
geometrical applications are not to be i ^siste<l upoQ.) • Geometrical study of th ; helix. 
Ilelicoidal motion of a bodyr Screw and nut. ^ 

Dynamics: Work of a force applied to a material point. Unit of work. W irk of a 
constant force, of a variable force. Elementary work, total work. Graphical fevalua- 
, tion. Work of the resultant of- several forces. Theorem of forces acting on a material 
point. Simple examples. ^ ^ I 

Cosmography: ISoon. Apparent proper motion cm the 'celestial sphere, t/phascs 
Rotation. VariaUon of the apparent diameter. Eclips^ of the moon and of the sun. 

n, EXAMINATIONS IN THE CONCOURS* 

• . • » (1) Written, 1914. 

t MathAmATIQUE.S fil.l^.MR.VTAlRE8. • 

. Gune 30. Time, 7 ho^: 7 a. m. to 2 p. m.) 

Let A,, ^ 5 , Ap, be the four vertices of a tetrahedron T. T.et a, , represent the 
length of an edge AiA^ and the middle point of this edge. Denote also by (A, B) 
the sphere described on any segment AB as diameter. 

1. Calculate one of the geometric products * of two opposite edges of T as a function 
•of the edges of the tetrahedron. Find the relation which exists between thr6e of 

these products with respect to the three pairs of opposite edges. 

2. ^d the relation which miist subsist between the lengths of the edges of fin 

order that the two lines and should be at right angles. 

3. Suppose d is the distance between the radical planes of each ofthe spheres {A 

A^), (A„ A,) and of the sphere Let d' and d" be the analogous corr^ 

Bi^dmg distances in connection with the two other pairs of opposite edgea^f the 
tetrahedron. 1 1 is ^uired to find the relations which must subsist .between the^daes 
plihe tet^edfonin order that A* 

Three vertices of such a tetrahedron being given, find the geometric locus of the 
fourth vertex. . Discuss. . ' 

, » It Is recalled that the geometric product of two vectors A^‘ CD is the product of the lengths of those 

vectors and of the cosine of the angle between tbeoL 
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4. Being given any point if, draw Uie two biaectors.of the angle Ai^fAy. Lpt 

be the middle of the segment cut by these bisectors on the line AtA^; there are six 
points Demonstrate that these six points are in the same plane r which may bo 
associat* * t with the point if. Conversely j any plane r being given, one may establish 
a corr sponemnee of this kind with two points if and if' which are themselves asso% 

I ...led. Whit position must be given to the plane ir in order that the corresponding 
j>6inta if and* if' fall together? How must the plane r be displaced ‘whed a corre- 
sponding point if describes a circle the plane of which passes through the center of 
the sphere cil(guBig£pbed. about the tetrahedron? 

5. Given a mtrahedron construct a point M(, coincident with its associate and 
situated at the same distance from the three vertices *A„ A^, A3. 

Find the surface S, locus of the vertex A^ when Tis deformed, yl„ Aj, A^ remaining 

fixed and the ratio preserving a constant value i. 

Let D be any line passing through d,. (’onstruct the points of intersection of D 
and of and find the locus of the lines D tatifgcnt (fo ^ and the locus of the point* 
of contact.^ . 

^ Matii65^4tique8 Sp^halbs. 

ft 

(July 1, Time, 7 hours: m. to 2 p. Ui,) 

Given a hyperboloid of one sheet whose equation', with respect to its axes is 

X* 2^ 

^^here exist two families of such hyperboloids susceptible of being generated by 
0(?ection of planes at right angles to one another passing respectively through, 
two fixed lines; we may pass from a hyperboloid II oi the first family to a hyperboloid 
ir of the second family by rotation through a right angle about O 2 , • 

I^t D, A be the fixed lines with respect to II; />', A' the fixed lines with respect 
to //'; find the surface locpof D, A and of />', A', when X, /li vary, p remaining fixed. 

There exist planes P parallel to the plane xOy cutting those surfaces in two curves 
which have a common point A situated on Oz, and a common real point B situated ‘ 
in the trihedral Oxyz; evaluate the area bounded by the arcs AB of the two curves, . 
also the volume giyierated by this area when the plane P has one coordinate (co<«) 
Varying from to 2,. 

II. 'With a hyperboloid i/, of the first family, a correspondence may be established 
with an infinite number of hyperboloids of the second family such that the fixed 
lines with respect to //, and the fixed lines with respect to one of these latter for^ 
a gauche qu^lateral; let //, be such a hyperboloid; /)„ A„ and />,, A^ the fixed 
lines with reference to and //j respectively; ABCD the quadrilateral formed by 
these lines; show that the hyperboloid //, generated by the intersection of two planes 
cutting at right angles and passing respectively through the diagonals of the quad- 
rilateral ABCD app^tains to the linear point pencil defined by//, and //,, that 
the feet a, 6, c, d of the altitudes Aa, Bb, Cc, Dd of the tetrj^edron ABC!) are on the^ 
curve of the pencil and that the lines, other than the altitudes, which join the points 
A, B, C, Z) to the points a, 6, c, d are on a hyperboloid //„ //j, or //,. 

III. The hyperboloid //, being given| through a point A in apace one may pass 
-two hyperboloids of the second family defined as has been indicated (II); on what 
surface S must A be found in order that these hyperboloids //, coincide? So also 
throu^ the point A ona may pass two hyperboloids //|'dcflned as in (II); on what 

^ surface N' must A be found in order that these hyperboloids //j coalesce? , 

, Show that //, cuts. N arid 5' along the same curve C, and that the intersc(*tion of 
8 and 5' is com|>ose(f of the curve C and an imaginary curve. 

'—M L- 

* Tbese questii^ an lolved In iVouivItn AnnaUi Ae ifiUhimatituet, tome 73, oct.-nov., 1®H, pp. 
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_ IV. Construct the projection r on th^ plane xOy of the curve C; show that r is 
StheTctde^^ orthogonal to a fixed circle and find\he locus of the centers 

middle points of the chords of the curve r which passes 
through the origin.* i^aaaes 

^ ^ - .rr- 

Composition on a Suiuect ok Analysis. 

(July 3. Time, 7 hours: .7 a. m. to 2 p. m.) 

. Being given three rectangular axes 6f coordinates Oryz, consider the total differ- 
entiaUquatioD (1) a‘!/>dx+U-ay)dy-ydz=0 where a denotes a given constant. 

1 . Determine the surfaces Jiat are solutions of the equation ( 1 ). These surfaces 
S are ruled ; study their lines of striction and their asymptotic lines ‘ 

^angle which the bwiormal makes with the axis Oz. 

^ dilTcrential equation of the first order (A 

ind^KmdeW of the- nupiercial value of the constant a. Indicate how one may 'by 
me^ of the surfaces 5, generate all the suHacesZ that are solutions of this equation 

d®termine the exceptional surfaces 
which do not contain it and indicate their nature. 

III. Demonstrate that the characteristic curves of the equation (B) are the 
asymptotic curves of the different surfaces S. and that they form one of the families 
of imympmtics of the surfaces 2. Prove that they can be obtained as lt.t c“^vel 
of the sur aces - with the righfconohls having for axes the parallels to Or meeting Oar. 

second family of asymptotic lines of the surfaces 2 Provo 
that the ciuves of this second family can be obtained as curves of contact of the sur- 
fa^ 2 with the riglit conoids having for axes the parallels to Ox meeting Or 

Determine the ruled surfaces 2 which are distinct from the surfaces 5 Indicate 
their nature. . • 

. V. Suppose T is a surface enjoying the property that one of its family of asymptotic 
hues IS formed from the curves of contact bf T with the right conoids having for axes 
the parallels to Ox mocUng Or. Prove that the surface Peithor is a ruled surface with 
du;ector plane parallel to the plane yOr, or else satisfies a partial differential equaUon 
of the form (E') F(z~qy, py) =o, (p=j|, 9=^")- 

Show that in the second case the asymptotic lines of the other family are character- 
trt.es of the equation (E') satisfied by the surface T, an<I that these linOs can be 

obtained as curves of contact of the surface T with the right conoids having for axel 
parallels to Oz meeting Ox. ^ *or axes 

If two surfaces, of which each satisfies an equation of the form {E'V ate tangent in 
a point, they have at this point the same total curvature.* 

Mechanics. 

i* . 

(July 4 . Time, 7 hours: 7 a. m. to 2 p. ra.) 

^"***^^ Motion of a marble in a 6o«t7^. • ^ 

A homogeneous spherical marble is let go without initial velocity on the interior 

hemusphencal surface of a fixed basin of which the axis of symmetry is verticalThd 
winch is concave upward. ' ^ vemcai and 

Kequired to study the motion of the marble. on the basin. 

IiDL particular solve the following ques tions concerning this motion: ^ ^ 
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I. Suppose first that the marble can be concenlratod at a material point A. 

1. Indicate the nature of its motion when t^e bodies in contact are perfectly 

smooth. » 

2. Consider then the case where the roefTicient of friction / of the marble on the 
basin is not negligible. Determine first the condition of equilibriimvlor an initial 
determinate position A^jOfA. (Denote by the initial value, coniprised between 

Oand of the angle tfn^tOA with the downward vertical OZ). When* this corfdition 

is not satisfied, the point. 4 is changed for a time in a determinate s(*rrse on a circle F. 
For the moment confine the calculation to that of the expression for the velocity® 
of as a function onj^s-ao^Ie ^ during this interval of time T. 

II. Then solv^thc sanfie questions in the ciwe where the radius r of the marble is 
not negligible. 



But when the slipping friction is appriydable, confine the attention (neglecting tho 
rolling friction) to, the cast* where the luarbm. rolls without slipping from the initial 
instant. Show that for a given initial plmtitfc, A^, of the center A of the marble this 
conditidfl is necessarily produced if tho «>gfficient of friction / is suflTciently large. 

^ ( In this case call w the velocity of A , and 12 thb instantaneous Velocity of rotation of the 
marble.) * . ‘ 

I II. Find an approximate value of w and v being calculated for the same position 

of OAf -very near to the common initial position OA^ and for the same valUe o^the 
coefficient/, when the radius r which enters in u* is very small. J . 

*IV. In a general manner, compare the results obtain<*d in Paragraph Pwith thoee 
of Pamgraph II when the radius r of the marble tends toward zt*ro, and the values 
of and of zero or not) remain the same. It is noted that these results are different; 
indicate in aiew words the origin of this paradox. 

V. Return to' the case where the marble is reduced to a maU*rial -point. Show that 
during the interval of time Tthe velocity v of the marble supposed rough is less than 
that, K, which it possesses if it were smooth wdien it passes through the same point, 

V starting from the same initial position *' v. . 

VI. Then continue the' study of .the motion of the marble reduced to a.material 
point and indicate the various circumstances which can present themselves according 
as th^ value of./ and the position of (without now limiting ourselves to tho case 

^ where the interval of time T when the velocity of A doe^ not change the sexise). 


j ' 
• > 


V. . 
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imlirato what happens when the value is Uken equal to 
32 , thcn^> 60\ the cik‘flirieiit of fricUon having in the two cases the value 0.7^ 
then the value .p 

Notation: ('all p il.o iutorior ra.Iius of tho basin, 0 ita center and mg the weight 
Of the tnarble. It will ptkssihly be foumi useful to set tan tf=/anj tan ^=»2/. 


Of the candidates who took the previous examinations, 29 were declared by tile 
jup'U) be rtt^umf/.^ I'urthertestoftaehof tliest» by: (1) A mi meri cal calculation- 
(-) a problem in descriptive geometry. {epurt)\ and (3) an oral ‘Icajou” occurred on 
• August 21, 191-f. This resiilted in the final stdection of 15agr/*g<^. 

The tiietnbcrs of the jur\- for the eiitirt^ examination wore; 

Niewengh>wski, iu.^pei-tor general of public instruction, pnvsident. 
lilytel, insp *ctor general of public instruction, vice president. 

Cartan, pHtfe-ssor at the University of Paris. • 

^ Frj^'chet, professor at th-.* Univ'er.sity of Poitiers. 

(ir^vy, profe.ssor at LytYv St. Louis. 

In 1910 the numerical calculation and impure were as follows: 


Calculate the integral 


Numerical Calculation. 


a lOO-lOcosaV, 
10l-20tW 


The ddrect mothmi of primiUve functions should be employed and it should be 
conip.ired with the rasults obtained by the methods of approximate in^ration. 
Indicate, in each of these methods, the number of significant figures that are deter- 
mined with certainty. 

Debcriptivb Geometry (6pubb). 

A parabola P ailuated in a horizonUl plane haa for horizontal projection a parabola 
of which the focna ia Oa mm. to tlic left of the major axia, and 60 mm. below the minor 
axia of the ahcct; ite vertex ia 102 min. to the left of the major axiaand 54 mm. below 
the minor axis. 

A frontal line Z).ie inclin^ at 45“ to the horizontal^ plane and it riaea from right to 
left, it paaaea through the point of the horizontal piano orprojeelfi^n aituate<{ at 130 mm. 
to the right of the major axia and 96 pim. below the minor axia of the aheet. Thia line 
is met by the parabola /> in a point aituated to the right of the profile plane which 
contains the major axis of the sheet. 

Consider the parabolic segment bounded by the arc of the parabola P which con- 
tains its vertex and by the parallel to the ground line distant 144 mm.; required to 
. represent in vertical projection only the solid generated by the rotation of this segment 
about the line D. . . 

Take the minor axis of the sheet for ground line. 

. Subjects or the "Le880N8 *’ in 1910. 

(1) In Mathimaiy^teM iUmentaxre$. 

Solution of triangles. . , 

Symmetry with respect to a point.) 

Symmetry with respect to a lineJ^s in the classe de premiere.) 

Symmetry with n^pect to a plane./ * ‘ 

. i . -■ 0x4 6 . . / ■ 

Variation of graphic remosentation (program of seconde). 
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\ 

Supplementiiy trihedral anf^lea. Applications. 

Rabaitments. Applications.— Anglo between two lines, angle between a line and a 
4i1ane, angle between two planes. 

Conversion of an ordinary fnurtion into a decimal fraction. Repeating fraictionB. 
(Math^matiques A.) 

Vohime of pi^llelopipeds and prisms. (Do not consider the truncated pyramid or 
the tnincatiHi prism.) (Premiere.) 

Plane stH't ions of a cone of revolution. (Dandelin’s method.) 

Hoinothetir polylmlra. Similar polyhodra. (Premiere.) 

Ihdution between the coefficients and the roots of the equation of the second degree. 

Applications. • 

Summary^ of notions on the symmetries of the^cube and of the regular octahedron. ' 
Tangents to a hyperbola. Asymptotes. Simple problems on tangents. 

Notion of the derivative, g«H)mctri( significance of the derivative. 

.Application to the variation of simple (unctions. (Prognuu of seconde.) 
llomothety in plane geometry. 

Inversion (in a plane and in spa<*e). Applications. 

Motion of the moon. . Phases. 

Problems of the second degree. (Math^matiques A.) . 


(£) In Spidale$, 

Small oscillations of a pendulum without friction: Isochronism. 

Asymptotes in polar coordinates: position of the curve with respect to its as)'roptotefl. 

Theory' of en\)elbpes in plane geometry. 

Normals to the ellipsoid. 

('urvature of plane curves. E volutes. Examples* (rectilinear coordinates). 

Motion of a point under the action of a force issuing from a fixed center and proportional 
to the distance. . . 

Motion of a heavy particle on an inclined plane with or without friction, the initial 
velocity being zfero or directed along the line of greatest 8lo])e. 

Numbers. Limit of • 

Series of positive terms. tViteria of convergence and divergence derived from st.udy 
of the expressions: • V 


Ifa+i 


, nUo**; numerical cjianiples. 


('omplex numbers, a-f&t. Addition, subtraction, multiplication, division. 600- 
metric repre.senlation. . ^ . . . 

Use of the derivative for the study of the variations of a function; maxima minima. 
Numerical examples. 

Developments into series. Applications to the series of the binomial and of arcs in x. 
Motion of a point attracted by a fixed* center in a ra^io inversely as the square of the 
distance. * 

Uonstructionof arqrve(p=»/(w) )in polar coordinates. (Itahould be assumed that the 
lessons on tangebta and asymptotes have been given.) 

Discussion of the commensurable roots of an ^uation with integral coefficients. 
Examples. • / * 

Multiplication of series. Applications., ^ ' • / 

Power ^ries. Intervals of convergence.'- Differentiation. Integration. 

Intersection of a surface of revolution and a cone. 

Trigonometric solijtion of the binomial equation. *■ 

Infinite branches in the intersection of cones and cylinders. ■ (De^riptive geometry ) 

■ • . » ‘ . f ■ ■ 
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In(<?rBection of two surfaces of rovolutipn of which the axes are in the same plane. 
Symmetric and rational functions of the roots of an algebraic equation. 

The jury for Iho concours of the agr^gation in 1310 consisted of: 

Niewenglowski, ins|>ector general of public instruction, president. 

Iladanrard, professor at the ( oll^ge de France, vice president. 

Combette, inspet'tor general of public iiistruction. 

Gr6vy, profossor at Lyc^e St. Louis, 

Husson, profossor at the university of .('hen. 

, innLIOORAlMIY. / 

, / 

A tntm«ognipIi«a pAinptilet (16 pp.) pubUsbsd annoalty from IfiOI to 191®, by Iho Ubmirie CroviJl#: 
ilorant. faris. conuiined tho epreu vos didtos and subJeeU of Uio •* Ussoiis’lfor Um Acit^rtlian des Sciwuiia 
IfatlH^nuitiuiios of th« yoor. '* ^ 

I'ublishad soluuom of soma of tha quasUons of tha agrttettUon during tha tour yion 1^10-1913 nuu- 
roniutlod In tlie following pUuos: r ' y 

Agr/^afion < \>m posit ion in Jl tit h. Journal it ifotk. A7rm.,ann^35 mtf, 1911 pn 121 n 
Comiwsition in Mtith. S,mV.: ( 1) AVr. * 21. juln. 1911. pp. 2H-227(2) Your tnfwi/, 

it Math., tome 70. janvirr, 1911, pp. 72-sO; Cgmposilion 4n AnaJ>’ac: Aoiir. ia i/o/A lonu* 70 

jan\icr, 1911. pp. 21-^. 

A^/go?fon /9l/.-Coroposltion In Math. KWm.: (l)7ounurtfr i/o/A. EUm, 

137-140; (2) .Your. AnnaUt A/o/A., tomo 70, noOt. 1911, pp. 958-373; Conipositj 
4t AldiA. A'p/c.ann^ 22Juin. 1912. pp.5l2-5tK; ^puro; Error de JUaiA.<5p/r.. 

578; c'onipositiun in Analyse: .Vow. A iiiMfre dr .Vo(A., tome 71, mai, 1912, 
mAcam'que: .Vow. Annates de Moik., toina 71, diV'cmbro, 1912, pp. 549-667. 

Agr/^ation fP/f. -Composition Hi Math. (1) Journal t m., onn<V 37 Juin 1913 np 

(1) AW. .I.IW, tf. Mtik., tome 71, dWmbre. ISIJ. I'oro|)osiiionin MMh «„v 

*n« * V<irt. SI^.. mntc 23, sept., 1«3, pp. :.e»-2»4: Compos AW. Aontln i, Malt 

tomo 72, Juli, 1913, pp. 316-323. '* 

Atrifttkm tm.-<-omposilioa In Math, tu'm.: (i)Jeur.AfJ uuii'o :is, juln, l»H pn til 

I«: (2) Aour. JnnaU.irMUK tome 73, Wv., I9l«, pp. si.«9: < i„ «„,h. sp*,.. 

M»». SpM.. aniKe 24, juU, I»I4, pp. .VVVAMxJ) Aour. daaajrj ::i, .,,11 1914 p„ sim... 

&mp«iUoo to Analysa: JVImr. A nml» it UM„ tome 73, jan., 34: epi.,.v, pm’uque: Kmt 

dr Spte., «nn6a 34, Juil, 1014, pp. 559-361. ^ 

TUr^proBrams for oach year are usuaUy publisbod during tha p in iba HuUtiia ddminunun/ 

dv minu/^c de i'ltutmetion p%tJblifua, ^ 



36, Juln. 1912. pp 
in Math. Error 
22.^0t, 1912, pp. 576- 
231-240; CotniKisiUuii m 
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2. The total wface of a cylinder is 924 aqiiiue met^s. What muirt be ite height and 

the length of the radiiu of ite hue in order that the cylinder should have a maxi- 
mum volume? 

3. For the curve y=a:*(3-x> determine the maxima and minima points and point of 

inflexion, also the equation of the inflexional tangent. Graph the curve. Cal- 
culate the area between the curve an<^ the positive i-axia. 

4. Determine the area bpunded by the curves: 

and (x+4) (y+3)=36, 

and lying within the first curve. ^ ' 

Analytic Geometry. 

1. Through the vertices 5* and of the minor axis of an ellipse and a focus F a 
, parabola is drawn whose axis coincides with the major axis of the ellipse, (a) 

Find the equation of the parabola;, (/►) Construct the tangents to the pambola at 
-. Bi or 5, and find their equations. ^ 

2. The tangent to the ellipse . * ^ 

. at a'poiilt P meeta the F-axia in P,; and the normal at P mecta itin P. One 
focua P, ia joined to P„ the other to P,. What ia the geometric locua bf the 
point of interaecUon of P, P, and P, P,1 (P, and P, in the A'-axia.) 

3. Conaidor: whether or not the line y=di-2, r=3i+2. Cuta the circle 

*»+y»+r»=30., 

. 3jr-6y+r+2=a. 

i. Given a sphere with center at the origih and radiua equal to 5. ' A cylindrical aurr 
face tongent to thia aphere ia deacri^ with generating line parallel to the Une. 

Find thq equation of the cylindrical surface. 

{S),OBER'kEAtscnULB. 

DEscRimvE Geometry. " 

* 

A aphere ia aurrounded by a plane concentric ring (Saturn); the plane of the rine 
ia parallel to the horizontal plane: Conatmet the abadow of the aphere on the ring 
.the ahadow of the ring on the aphere; the shadow of the sphere on itaeff, the shadow 
01 the whole ayatem on the horizontol plane. (The light comes from above^tho left 
and is parallel to the vertical plane.) The various measurements are auppoaed given. 

Trigonometry. 

• * 

1. In a place A, whose ea^m longitude is X-9» 69'. it waa observed on the 19th of 
June that the sun roee at 24 minutes, 8 seconds past 4 (middle European time) and 
culminated at 48 minutM, 14 seconds past 5 (sttr time). Hence determine the 
ge^phical iatitode of A. the M. E. T. of sunset, and the decUnation of the sun 
.F A a. * quation is H-fF 24"; and the inclination of the ecliptic is 27' 10". 
ch^ge the expression^ 

cot’j+cotf+cotl+coti ' - 

Z g ■ 



into a product in which 6 is lacking. 


v;-“ .f‘ 
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P^nca. 

(Ifathematicsl questions only.) 

1. A factory power canal 2 meters broad arid 1 m. deep is cloecd by a heavy lock, of 

weight (7=110 kg., and raised upward. How many horsepower must an electric 
motor poe^ in order to raise the gate entirely out of the water, in t=3 seronds, 
the coefficient of friction of the gate being f =0.2. 

2. A plane convex lens stands ce'ntered opposite a teiescope focused to infinity, and 

with its plane surface next the telescope. A luminous point lying on the other 
side of the lens, on its axis, is clearly seen in the telescope if it is ata distonce 
/=16.3 from ^the vertex of the curved surface of the lens. What significance 
has I for the Jens? How can the radius of curvature and the poeitibn of the prin- 
cipal points he calculated from this, if the thickness of the’ lens is d=0.6 cm. 
and the refraction quotient is 1.53? ‘ 

II. Hamburg. 

♦ . 

(1) WILHELU GYMNASIUM. Spring, 1909. 

^1. An ellipse with Mmi-axce o=7, 6=6 cm. is routed about (»), the axis 2a («), the 
axis 25, and (iu), a tangent parallel to a. Compare the volumes of the three 
surfaces of revolution with one another. 

'2. Given the function y=log 

Find the fust and second derivatives, and the value of z for which the function 
is a minimum. * . 

3. A square.- pyramid is to be circumscribed about a sphere of radius r, so that its 

volume shall be* a minimum. What are the lengths of the edge of the pyramid 
arid of a sid^f the square base? 

4. How high is the sun on the longest day in Hamburg if it is exactly in the west and 
^ at what time (local time) does this occur? 

Special exercUet^ 

r* . " 

^ J 0 

2; Integrate /«*. tin xdx, 

(2) REALGYMNAsiuM. Spring, 1907. ^ . 

1 . Projective geometry: The vertices A and A , of the major rixfs of an ellipse are joined 

to a vertex B of the minor axis; on these Ones BA and BA^, perpendiculars are 
let fall from the points D and Z)„ in which a movable tangent to the ellipse cute 
the tangents at the vertice.\J and A^. Show that the locus of the point of inter- 
section A of these perpendiculars is a hyperbola, of which the asymptotes are the 
perpendiculars through A and to BA and 

2. Analytic geometry: Given a hyperbola with center 0 and a line i perpendicular 
I to the transverse axis and cutting it at a distance c from 0; the polar of a point 

P, of 8 cuts the diameter 0 P, in A. What is the locus oT A as P, moves in i? 

3. Cubic equa^; In order ^o coiBpiue the specific heat of copper and lead one wants. 

two quantities of equal superficial a^ and weight, . If a quantity of . lead< in the 
f^ of^'a cyUnder wkh ends, capped by ^ l^em^eres is availableV Aen 
similarly formed copper cylinder with h'emispherM capping the ends must be . 

'lnprtotk»,if a mattsr of (sot, solutloiu of spoolal exerolsM,oriilcb aro T«ry little harder than 
other*, oompeiuate for failure in one of the r^ulred quhtlona Two faultleae oolatioDfl of qmetions are 
the 
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formed ^ch that ite weight p=162ir^ and eurface 0«27 w cm.» are equal to the 
piece^of lead. Determine the height of the cylinder and the radiua of th^ end 
hemispheres if the specific heat of copper is 9 p cm."*. . 

4. Differential cal^lus: The curve 

* 4 *■ 

.vr»=^x(r*-i V) 

has a point of inflexion, a maximum, and a minimum point. Determine these 
points and draw the curve. 

^ . . Special exerciser, * ' . 

(i) Solve the first question hy analytic geometry. 

(ti)* Sol ve thejpecond quesUoD by pure geometry. 

(t«) The intrinsic equation of Van der Waals is 
, /fe=(p+p^ (v-b) ■ - 

i. ^ * 

Where p is constant*and the absolute temperature 0 is a function of the volume v, 
for aihat value of has the corresponding curve »n inflexional tanged't? What 
value must p have in order -that the inflexional tangent be parallel to the axis 
of volume? - . * 

(3) OBERREALSC!f(/LE (one of four), Bprinf^, 1907. * * 

1. Through k payment of 6,000 marks a man 30 years of age purchases life insurance. 

How much is this insuraace on the basis of 4 per cent interest and Schubert's 
table of vital statistics? What age must the man roach in order that an equal * 
sum would be paid to his heirs from a savings bank in which the 6,000 marks at 
3i per cent had b^n deposited till the termination of the contract? 

2. What regular spherical polygons ca:n bo made up of equilateral triangles and how 

large are the radii of the. inner and outer tangent circles of these polygons? 

S.'^Hnd the first polar of the curve 

2x*+2r*-8x-y+8=0 \ 

with respect to the origin. Dra^ the curve and discuss it. Find iW^jntersections 
with the z^axisand the tangents to the curve in these points. - " * . 

4. What is the value of the difference 

a 2 sinz - sin2z . 


J /3 2 sinz - sin2zj 


cos z- tan w/4 
Bin X 


' Special ezercisea. ^ 

(a) Find the loeus of the vertex of a triangle with given base 2 c and ddes of given 
product p»? . 

(1) What is the form of this locus according as p is greats than, equal to or less 

than c? r « ' 

Example for sketching: 

P1-2V27 pV- VwT Pi--3 

(2) In Vhat case is there ^ double' point, and what arq^He tangents at this double 

^ A point? *0 * . ^ 

, <3) Find^the fir^ polars of the point at infinity on the base of the trianglerof the 

p<^t a^ infinity <m the perpendicular bisector of the base, And also of the 
^ middled the base with jespect to the locus in question. Indicate tha 

^ ' significance of theselines for the locus, and draw a sketch for’the numerical 

« values and , 


- Jr, ■ 




' i . ^ APPENDIX E. 

(6) Evaluate the integral 




(6+Vfc*+ar):c 

dx 

b:c . 


B. LEHRAMTSPRUFUNGEN. 


^ WURTTEMBERO. 

/. Questtoru in tbe AfatAenuitics-Pbj/stcs Division. * 

* * . Higher ALoeb^I. \ 

1. Given the equation 
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x^+diX*+a2i*+O3a;+O4=0 

whope roots are all different from one another. Fi^d thp equation of the fourth dc^^ee 
in y, which Is satisfied by the unsymmetric function^ of roots y=x,+x,+;r,, etc. 

Prove that ^hc discriminants of the two equations are identical. 

2. According to the general interpolation formula find an integral algebraic func- 
tion Vx (fourth order in x), which for / • . 

takes on the values g- ... 


. (Indicate also a sev>nd method, without details; evaluate the determinants which 
here enter.)' Further show that the value y, can he changed into an " tiberzweizahl,” 

if for numbers of the form the name " Ober-r-Zahl ” is employed. Write down 

the values of the numbers y_,-to y,. further calculation of y, checked by these 
values; calculation of the sum to y,. Checks. . • 


Higher Analysir. 

• ^ 

1. Evaluate and give the geometric meaning of the double integral 

give a plan and jeic /ation sketch. , - ' , 

1 . ■ ' • 

4. Derivation of the properties of th6 logarithm and of the exponential function »in 
the complex field. Give threh examples. . * ' , 


Analytic Geometry. « n . 

1. Discuss the curve . 

x*-xV-2z»y*+2xV+xy*-y*--2r<+ix^y-4xy*+2y*-4x^+3xy»-y*«0: * 

2j Find the equation of tbfe tangent-surface of the space curve xl«X, yaiX^*r— x* 
and determine the orthogonal traigetories of the» tangents on the surface. Without 
calculation, what, may be stoted with regard to the lines of curvature, the asymptotic 
lines, and the geodetic lines of the surface?' (If time is lacking it is only necesmy 

to write the (lififerential equation bf the trajectories.) • * . * 


. OYNTRETIC UEOHBTRT. ^ 

1. Determine the center of a hyperbola given four points and tbe direction of an 

asymptote. ' ^ 

2. To four planes through a point 0, no three of which cut in a Btrai^t,fiiie, the 
normals in 0 are given, How may the normal at 0 to any plane thmiigK q he cbtf i 
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■ * 4 

Btructed through mmply joining and inteFBection, and in particular without the 
further use of a right angle? % 

Descriptive Geometry. 

Tin a vertical piano of projection a somi-cllipse is given, <^f which'the shadow is a 
Bcmkircle. It is 8uhj«*cted to a rotation in space about a vertical axis. Construct 
the normal curve and the meridian of the surface of rotation so constnicted, i. e., thp 
Bcction of any plane (1) perpendicular to the axis of rotation or (2) through tht axis. 
(Suppose the proportions given.) Give a free drawing in India ink of tU^wo 
, curves sought, also a short “description of the corresponding construction. 

, . AmALYTIC MECltANICS. 

1. On three rautually perpendicular weightless sticks, rigidly fastened together at 
a point 0. “ mass-points ” P, Q, R are placed at distances a, b, c from 0. 

The system is turned about an axis through O' which at a given instant, when t^ 
angular velocity Is w, makes angles. a, 0, y with the three sticks. 

How great is the na vit a of the turning motion of the system at this instant? Through 
what -Biugle force at 0 and what^pair of forces (what laxis-moment) may the three cen* 
trifugal forces be replaced? ^ * 

Discussion of the results for the case ? 

2. The vel^nrtes of three noncollinear points of a rigid body maving with freedom. 

• .of the first order, are given for a certain inslani as vccU)rs, i. e.' in size and direction. 

Show how to find, either by drawing or by calciil;ition, for the sameYnstant: (a) the 
velocity of a fourth point of the body,'also consitlered as a vector, and (6) the central 
axis or rotation axis, i. e.. the locus of the points of the body which, for the instant, 
of all of its points has the h-ast velocity. ■ * 

Tuioonometry and Mathematical Geo^aphy. 

1. On two [joints A and B of equal height and 25 meters from each othJlr, rests a 
smooth thin bihd of steel which sa^ 50 gentUneters in thejaiddle. How many milli- 
meters (to ehe nearest tenth of a millimeter) is the bandffnger than 25 meters? 

The calculation is to be" carried through, and the exactSlH^of the result proved, 
without employing any tables. (The calculation fs U\he carried through in numbers.) 

2. On a simple rod standard a vertical reference-plane F is determined by a string 
white endless thrijad passing* through two rin^ O, and 0,, and stretched with the 
h(;lp of a hanging stone O3. The azimuth oPthe two directions of the thread differs 
by exactly 18Qf . The azimuth is not exactly kn^n, but it corresponds about (accord- 
ing to the compass within 5°) to the prime vei^^. 

At the point of observatiorl J[in middle Germany), determining the northern' lati- " 
tude 0 on an evening toward the end'of November, 1895, the following times of transit. 

. through the plane of the thread are observed in aiderial time : * • • 

T (about westward) 69J, ' * ^ 

. 'ywdromoda (about eastward) 53=22** 35“ 45*. » ^ 

^ The apparent AR [right ascension] and 6 [declination] of the two stars on the evening 
o! observation were: " \ ' 

^ ■■ > ^ Lyra flr|=18»* 55“ 2", fi|=>32® 32*, . ’ 

7 Andromeda, a,=l** 67“ 3, 

What is the northern latitude \)f the place onbbservation? Wi»U wife the' azimnlh 
, of plane of the thread? What kind of stars are to be chosen for such detotmiha- 
tioiif of.the northern latitude by transits through one and the same verticarist east- 
ward and th^ westward? Calculation of 0 ntiLmbers is desired. 

(The candidate is allowed adogarithm table.) ' ' > » 
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1. Dis^adon of the physical foundations^! the Newtonian definition of the quan- 
tities “force ”nnd J* mass.” - * ^ , 

2. I^rivation of the formula of an adiabatic curve! ^ 

S.^oundations of a theory of plane diffraction grating for parallel light rayfP' 

How and with what exceptions is Helmholtz's law of induction derived on the 
basis of the law concerning the conservation of energy? 

- U. Mathematical Quhlions of the Chemutry-biology Division, 

- • • * * , V 

- I ♦ i . • 

S Algebra and Low^r Analysis. 

1. A merchant buys w^rra for a certain sum, has in additipiLfi per^rent expenses, 
and sells them again for 504 marks, and thereby gains a twentieth part the pur- 
chasing price# What did. this amount to? 

2. A left a fortune of 100,000 marks. J^rom tj^is his children must receive 6,810^ 
marks annually for 10 years from the first payment Vithin a year after his death. 

^ The capital after 10 years is to be devoted to school purposes. How large will this 
^ amount l^c? ^ \ * 

3. Express the fraction ^ the sum of two positive ffkctions^th denominators 

13 and 23. \Miat arc possible solutions? V . 

4 . In the equation — 1 la:® + px® — ,00 =6 the root 2 +i is given. Find the other 
roots and the coefficients p and q, (Check by means of Homer's method). 


Differential and iNfEol^AL Calculus. 


Lim(«* 




* x=0{x-sinz) 

i. Express y=log (x+Vl+^^^t^^ power series in x and discuss the convergencii of 
the scries. > * / 


3. (liven 'the hyperbola ^ 1 =0. 


Through the origin and* with different points of the hyperbola as centers, c 
described. Find the e<juation of the envelope of. these circles. 

* Elementary CiKOMETitY. 

1. Describe a circle which touches a given line in a given point P am ^\x\a a given 
circle K at the ends of a diameter. (Analysis, construction, proof.) 

2. yiven a point and two lines L and jvhich cut one another {'A. On L find 
a point X such that the perpendicular X Y from AT on is a ok n propqftion be-. 

^ Iween A Y and PX./ (( onstruction ^nd proof.) ' 

3. Given a right circular yohe of which an axi^^tion is j 
Produce thg surface beyond the circular base, subh that th<^ 
added conicaLshell is to the surfacp of the whole coik aj5 is 

I of the ch1c^1a4ed result). j 


tipn of the calc^1a4ed result) 

,4. J5 and C are tile middle points of two spheres 
To anpfigerver.a^ 4 spheres ^gpear under angl^ of 
4*^ ir .30"). Angle BAd is 71° How 

C, and how liutte ^ Mm angles ABC and ACj ^ 




I equilateral triangle, 
whole syrface of the 
> G (including constnio 


and fg (10 and 14 cm J. 
t5| and 5,(3° 37'20'"ana 
distance between B aJh 


■ 1 . .1 ^ - 
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Analytic Geometry. 


1. The curve "with equation 




hrealvs up into three lines, of which one is x-2y. What are the eqtiations of the 
What are the coordinates of the vertif'cs of the corresponding triangle; 


other two? 


find its area. 


^ 2. In the hyperbola ^j-|5~l=0 a dimeter with slope m is given. Whatis under- 
stood by a diameter conjugate to this diameter and how is the slope m' of this diameter 
derived? How large are the semi-dii^eters corresponding to these two Hirections? 

3^ Discuss and sketch the curve wifh equation 

" ‘ .. ^ 

4-. Given a circle, of radius r and a line which ie^ a distance a from the middle 
■ i^int of the circle. A second circle touches the line in its^tersection with the line 
drawn t^ugh the middle point of the fii?t circle perpendicul&r to the line; the t-om- 
mon tan>j 5 ^,of the circles touch the second circle in points, the locus* of which ia 
required. NThe given line is to be taken as a: -axis, and the foot of the perpendic- 
ul ar ag^ o^in of coordinates.) ' 


Descriptive Geometry. 


Amelliiise is projected horizontally as a circle of 10 ’em. diameter, vertically as a 
line (.30° toward the right .with fHe base line). The horizontal trace of a given plane 
makes an angle of 60°,, the vettical trai;e of 45°,' both toward the right with the base 
line. Construct thfe shadows of the ellipse on these planes. projections, of 

rays of light comirfg from the left make angles of 45° with the base line.) * - 

1 he two jirojections of the shadows ye to be ^constructed indepondentjij' of one 
another; at any givep point construct the tangent and find the nature of the curve” 
in order that its conjugate diameterts can be determined. 

« Exjjerimental Physics. 

^^1. A locomotive weighing 20, WO kilograms mbverf oh a traek yviaai. a..u 

Its renter of gravity is limetrrs above the rails: what is the greatest velocity that the 
locomotive maj attain in order that, on a curve df 80 meters radius, it shall not leave 
the rails? What is the maximum velocity, if the outer rail he so raised that the>lane 
^of the rails isrinclin^ to the horizontal plane vnth an angle of 5°? 

2. For determining the temperaUire of a smelting furnace, a platiniini sphere of 
lOO^frams is put in it and then thro^yi i4^(a mixing calorimeter which contains^SOO 
grame of water at 10° What is the tempera,ture of the furnace if the brass 
calorimete^^tub weighed 250 grams and the final temperature reached 14.8^? (Spe- 


I 


i*s meters wide and 


cific he: 


tlliu cm? Mllll 

0.0926; of platinum. 0.032p.) 
TO*r«convex lenses with focal. lene-thH /.= 


3. Two M?onvex lenses with focal. lengths /,=4cni. 5ind7,=6cm..are arranged from 
left to right, such that the distance of their optical middle fwint amounts to J=X cm;; 
the thickness of the lenses may lie neglected. To'the left of the first lens is a lumi 
■nous substance AH I cm,, high. Construct^ the pjifture of the object •whichTs thrown* 
through the pair of len^s and also detgfmine the distance 6, of tW picture from the 
flecond lens. Hhw great is the comifion focal* distance / of the system of lenses 
counted from the second lens; and What advantage is there in such a combinatifm 

oMenses om a sinSple lens with 8^e focal distance?’ 


\ 
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APPENDIX F. 

JAPAN. 

The following mathematical papers were set in Tokyo for the twenty-fifth exami- 
.nation for teachers’ licenses, in 1911. 

.PRELIMINARY EXAMINATION QUESTIONS. 

Arithmetic (3 houra). 

J. Find* throe fraVtiona. A, B, ami C eq,ual to, and V’r, respectively, such that 
As denominator is equal to B's numerator, and B'a denominator to C’s numerator. 
Find the siii^teat forms of such three fractions. . ' 

2. A certain company, dividing; its capital -in the. ratio of 3 : 5 ; 7, carried on its 
' hiKsinesa in three divisions. At a semiannual settlement it was found that* the first 

' ivision had made 2,<)(X) yen, and_the second had earned 8 percent a year on its 
capital, but that the third had suffered a loss of 5 per cent a yeaJ of its capital. How- 
ever, the net result ;\vas found to be a gain ^>f 6 per cent a year on the total capital. 
\\ hat W as the -amount of the capital? 

3. A steamer, bound for a certain port, had its engine damaged when One-fifth 
of Its voyagahad been ‘completed. AHt had to reduce its speed by 10 knots for the' 
rest of its course, the average speed was* found to be less than the first by 4 knots. 
W hat was the imtial speedy 

4. By evaporating 600 gramj of water con^ining's per cent of salt, one containing 
5 per cent of salt w'as to be obtained. It was found, however, that 70 per cent of the 

.water had already evaporated. How much water containing 3 per cent of salt must 
be added in order to obtain the solution of required strength ? ' 

5. Of a cylindrical vessel holding oije sho, the height and diameter of which are 
equal, find the height to th'e hundredth||^lace. ^ 

' Algebra (3 hours). 

V 1 ./ a4-6-}-c=0, prove 

/&-C , c-fl . a-b\ ( a , b , c \ 

+ 6 + c ) 

2. Solve and discuss the following simultaneous equations; 

<w-7-6j/-2-fl'==0, ij^y-az-b=0, x-Fy-r-fl=0. 

3. Cut a triangle and a rectangle, having equal on %8ti^ght line, by another 

straight line [parallel to it] ' so that the sum of th6 areas cut out between the parallel 
lines shall be^ual to the area of the triangle. Find the distance between the 
parallel lines, ^ ■> U . ' 

, 4. In how m^iny di^rent ways can 10 balls be arranged in a’slraight line, provided 
•that 2 special balls mustin gll cases be placed so as to occupy alternate positions? » , 

5. Let a,, Oj, 0 ,, be an arithmetic progression, and 6,, 6*, 6jf a- 

geometric having all its terms positive, ^ove (hat o„ is not greater than*^, if 
di=i, and , ' v ^ ^ ■ 




; 



>The|e ^rorA 'do not occur ^ ' V, 

*lt is iu)t clear wliaMs by ^'alternate jKMitJons.^^ 


m 
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L ^ Geometry (3 hours). 

- 

1. Let two circles touch internally at A. From any ()oint P in. the circumference^ ' 
of the external circle draw a tangent P M to the internal one, and prove that P A :P 

is constant. « ' 

2. Given a vertical angle, the radius of the inscribed circle, and the area, construct 

jthe triangle. - ' ' 

3. The vertex^ of the rectangle i4BCi)ls a fixed*point. and B and D are on the • 
circumference of a fixed circle. Find the locus of the point C. 

4. Find the limit of the position of ajoint, the ratio of whose distances from two 

fixed points is less than a given ratio. - . 

5. Of a quadrilateRil whose four vertices are not all in one pfane. three arc fixed 

and one moves along a straight line. Find the locus of the interst‘ctiou of the lines 
joining the middle loiiits^ its opposite sides. ^ 

FINA^,.EXA^IINATIO?V QUESTIONS. 

Arithmetic, Aloeura, and (^ometry ^written). 

, Part i ^ hours). 

^ * 

1. The .sum of a certain irreducible fraction . and its leciprocai is equal to 

1^115 * irreducible fraction. . 

2. Eliminated, y, and 2 from ^ 




X. a y .h It 
«+.r = i,+j;=c+7’ 

xyi^ahc, 

\ 


\ x“4*y^+2(a6-|-6c-|-ca)=*0. .. 

I * 

3. If a, ft, p, and q be real, pcove that the followrng efpiation has real rootsp. 

dA-x^bA-x, , . • . 

4. Solve the following inequality, i-6>Va(«-2i-). where a and I are positive, 
and V represents the positive 8(|uare root., 

• 6. Prove that the following three equalities are consistent with one another, • 

• t *_j _ 

# 

iog represeuting the common logarithm. 

* ’ i^rt II (3 hours). . . ^ 

1. If rectangles ABD^4CFG.he externally constructed on the two sid w A^ an3 
^0AC of. thq ^ight angle A of a right-angled triangle prove titft the straight lines * t 

BF and . CD intersect with, each other on the perpendicular liA A To the hypot- 

2. Draw a circle with its center on a straight line pacing through the center of a^ 
'^ven circle, interacting this circle alright angl^ and passing througli a given point.* » 

8. Of a triangle ABC, the vertex A is a^xed point on an . edge of a tfihodral^ngle 
' :>iad ^e other tw(#werticM B a^d C moVe: respectively along two other c^gee. ' Find 
v^/locus of the centbr of gravity of the triangle. 

’‘.'■•V.'* .'■A . ■ ■ '• . ■ • / ‘ .A ■ 
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I* . ^ Arithmetic (oral). ^ 

^ ^ 

A boat is rowed over a certain distance, when there is no tide, in 24 hburs. With 
the tide, however, the eamb distance can be rowed over in 15 liourH. Against the 
tide the boat can be made to go over 32 knots' in 2 hours. Find/thb speed, ac- 
cordingly, wheu-it is rowed with the tide. ^ 

' . • f 

• • Aixiebra (oral). 

% Solve the following simultaneous equations, 

(l+2fc)x-(i+7jy=l-i, 

+i) x-(3+t)y=3+t. 

A GE 03 IKTRY (oral). 

Draw a straight.line meeting two straight lines not in the .same plane and normal to 
a given plane; 

Trioonometry (written). 

Theory (5 Aouri). 

1 . I^olvc^nd discuss the following equation, 


2 . Eliminate 0 and ^ from 


^in 3^=*m sin z. 




■)' 


^ ‘ r sin 9— a sin (^+^), * 

a SMI sin ^ 

• coe ^= 2 in. . 

3. Find the jna?cimum va^uc of . 

' * cosec tan^g. 

. » ^ *cot*(?+tan^-^ 

4 . If the length of three bisectons of the three angle.s. .1 . B. C of a triangle A BC be 

respectively e<|ual tp^, g\ r, prove that 

A ' A • B * (7 '• 

COSv 


cos *2 <‘ 08 - 2 - 1 ^ 1.1 




r 

5 . Having given onp angle, the perimeter, and the radius of the circmnscribed 
circle of a triangle; solve the triangle/ 

i A ppHcation (H hourt). \ 

Whep the three sides of a triimglo are known to be respectively,' . 

a*750^m., * * 5«=696;i2 m., ^ c«^.68 . 

compute the three angles and^lhe area. * 

‘ ^ Xnalytic Geometry (3 hours). ^ . 

L Givenii point (J, 1) and i^raight line 3x*f.4y-6»0, the axes being rectongu- 
lar^ * Pdrih the equation of tlfe curve of the second degree, hkving the point the ' 
straight line for its corresponding focus and directrix and 5 for its eccentricity, and 
' reduce it to the standard form. * 


. . • i 


iSuch Is the origin^ * •. ' 
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2. Let JV be.(he point of intcniection of the nonnal at any point on an cilipae and 

. lU major axia _ Prove tot tho orthogonal projcotion of MX on the line passing through- 
• M and one of the foci is constant. ^ 

3. Prove that^e four vertices of a parallelogram circuniscrihing an ollii>8o and its 

twofociareon the same equilateral hyperbola. .. ' 

4. Given an ellipse and a circle concentric a-ith each other, the radius of the circle 

^ual to the sum of half the major hxis an.l half the minor axis of the ellipse 
^ve that the locus of the i.oint of intersection of the two normals to the ellipse at 
tte pjjinUat which two tangents are drawn to tho ellipse from any point on tho circle 
i^a circio. . » ^ 

5. Lot AT he the point ef contact at which a Ungeiit is drawn from the center .V 

Of a fixed circle to to circumscribed circle of a triangle s. lf.conjup,te with respect 
to the fixed circle. Prove that A' i« constant. . ^ \ 

* Differential ani> 1ntf.<!I*al Calcui-Vs (4 hours). 

1. U/'(x). v> {x)~/ (t). if>' (j)^0 within the interval a ^ r :S 6, and A (a) = n 
/(6)=0 then prove tot y (r) will become zero within the given interml at least 

.once. Hero/ (x) and ^ (x) are continuous witliiii the given limits. » 

r**® the point at which the line passing through any point '.Y on the diag- 
onal .dCof a paral elograni and tho vertex B intersects the Mile aI) or its 

“iTvo the areas of tho two triangles K ' 

&DG xj O * « ^ , 

« 

. 3. Take raa the function of two independent, variables rand y: substitute 


x^r sin $ cos 


y—r sin 9 sin 


z—r #os t 


^ ^ independent variables eliminate x, y, z. 

4. B (I, m) repre8untsj^x-'(l -x)--' di. I and m being positive. : 

Prov 4 * that •• , 

5. Kind the whole Icnifth of thv. space ( iirvK* representtKl by tho fH|iiafions 

- . .or=:(Hr); 

a and 6 being positive. 

6. Take and and chan#»c the variables of integration in. 

’ J*J//j^<^i/fromx,y toM,v. • 


* la tho report ihk equation given aa sin 




V 


E.' ■ ' 


..y'' 


INDEX, 


Abol. N. 24, 32, 134. 

^ Abt;|ian fuoctioi^nd integrals, 1G4, 182. 
Abraham, M., 184. 

Acta maihematica, 176. 

Adjunkter, 188-190. 

Adler, A.. 26, 103. 

Agr^igation, 74; 75, *216, 255-2GG. 

Aldifi, N. S., 146. 
d’ 

A1 

" Ata^otiiexamon, i76-180r 222. 

Ampere, A. M^, 134. 

.* Andrd, P.,6T. ‘ 

Aiislellun^fihigkeit, 97. 

Antomari, X., 70. 

Apollomua of Perga, 25, 258. 

Appell, P., 70, 72, 146, 180, 183, 184. 
Arbiturient<jn, 85-86. ^ ’* 

AroHibald, R. C.,.76. 

Archimedes, 10, 2p, 150, 256. 

Aristotle, 104. ' t; ’ 

Association for ,^e Improvement, of 
Geometrical Teaching, 145. 

Ath4n4e royaux, 213, 228. . 

Atlaniic Monthly, 

Australia, 3, *6-14, 212. 228, 230. * 
Austria, 3, 16-27, jf7,* 130, 134, 212, 213. 

218, 224, 225, 22fl'. 
liabcock, K. C., 208. ' 

I ^ 

i Haccalaur^t de llcnseignement second- 
' aire, 67. f . 

Baccalaur4at ^s sciences mathdmatiques. 

• 195 . , ■ 

j Bachelier, 67, 68.' f 
I Bachelier ^6 artos, ')68, 221. , 
i Bachelor of arts, 11, 12, 165, 203f, 212, 
214, .215. ' i 

Bachelor of philoSoiphy, 203f . 

Bachelor of science[ 11, 12, 203f, 212, 214. 
Bachmann, P., 1821 
‘ ' Badertscher, 199. i 
Balog, M., 137. 

Baron EOtvOs Kollegium, 136* 

^Baaedow, J. B:; 120. ► 

Bassani, A., 140./ ‘ 

Bateman, H., 54; 

Bauer, G., 62. \ ^ 

Baumel^, A.; 27, 129; . 


Alembert’s i)rinciple, 33, 266. 
leximaroff. I.. 103. 




Bayerischt ZcUachn/t fUr Bcahchulwesenf 
99. 


Bayiies, U. N., 184. 
Beicr, A., 128. 
Beke, E., 137. 


Belgium, 3, 4, 28 *38. 213, 214, 224-228. 
Bellowitz, 91. M 

Hemtin, W. W., 10.. 

Bcrgmann, F., 26. 

Hcmoulli, J,„ 33, 179, 256. 

Berry, A., 60. 

Bessers functions^ 147, 183. 

Bettanzi, R., 143. 


B<^zout, I^., 133, 161. 


Bianchi, L., 32. 

Bibliography, Austral^ 14; Astria, 26, 
77; Belgium, 32-34 , 38; Denmark, 44,'* 
Engfand, 56, 60; h'inla^id, 66; France, 

, 76, 266; Germany, 127-129; Italy, 143; 
Japan, 162; Netherlands, 157; Rou- 
mania, 159; Russia, 167; Spain, 170; 
Sweden, 178-184, 190; Swiuerland, 
199; United Sutes, 210, 211. 
Bidlingmaier, F:, 107. ^ 

Bioche, C.^ 76, , 

Bismarck, 426. 

BjOrling, C. F. E., 178, 179, 182. 

Bl&Uer file die GymnasiaUchulwtsa^ 99. 
Blankenburg, 87. 

Block, H. G., 186. 

Blutel, E., 254^ 264. 

Bobynin, V. Vi, 160, 167. 

B6hm, F., 107. 

BOttger, A., 128. 

Bohlinann, G., 182. 

BolUtino della “ J/oiAcm, ” 143. 

Bolton, F. E.;- 129. 

Boltzmann, L., 114, 184. 

Borel, E., 21, 72, 182. 

Bouquet, J. C., 178, 182, 256. 

Boudin, E. J., 33.. 

Bradfoi|4 Grammar School, 47-60. 

Bragg, W. H., 13. 

Brandenberger, K., 199, 230. 

Breithof, N., 33. 

Brianchon’s Theorem, 25, 132. 

Briot, C. A., 178, 

Brbddn, t., 185, \ 


279 


o 

ERIC 


280 ' 


IKDEX. 


# 



Brooks, R. C., 210. 

, Brown, J. C., 4. . V 

' Brown, J. F., 87, 95, 110, 129. 204, 207. 
Brown Univcrsitv, training of tench- 
era, 204 207. ** 

Bruno, H., 107.' 

Brima, H., 109, 110. 

Bryan, G. II., 60. 

Buchem, A. H., 93 
BulUtin AdmiHUtralif du Minitthe dt 
V Instruction Publitfiu, 255, 256, 266. 
BulUhn des Sciencfs Mdthimftliqwt, 169. 
BulUtin of the ,4m«riotin Mathematical 
^ocUty, 129, 140, 143. 

Bun’auof ICdiicalion {Unitetl SUtea), bMl- 
letina, 3, 4, 44, 00, 1251, 200, 203, 207-210. 
Burkhardt, II., 62, 206. 

Bur»», 91. I , 

Busz, 91. I 

Byerly, W. E„ 146. 

Caosar, 131. ' 

Cacique, 72. 

Cambridge and Oxfonl local <>kamina- 
tiona, 6, 50„ 231 1 236. 

Caiphridge UmvOraity, 51-^^ entrance 
scholarship e3ca,minationa, /l5, 245 251 ; 

^ International Congrtwi ^ Matliemati- 
cians at, 3. , 

Candidatus magisterii, 41, 214. 

Candidatus philosophia?, 41, 214. 

Cantor, G., 21. 87. 

Capen, S. P., 200, 202, » 

Cardinstal, J., 157. 

Carslaw, H, S;, 14. ’ 

Cartan, E. J., 264, 

Castelnuove, G., 219. 

Cauchy, A. L., 32, 62, 114, 134. 

Cauer, P., 91. 

' d^ensora, 173, 174. ‘ 

CmtralhlaH'fur. die getamte UnUmchU- 
VtrwaltuH{/ in Brcxumt, 83. 

Ceskro, G., 34. 

CeVa, G., 15-U 
Ohargoia, C.^. 

Charlie/, C. V. L., 185. 

Gha^iain, B., 143. 

CSiavanne, G., 34. 

Ojemin, 0., 1»2. 

..jBhom6, P., 33. 

ChrifltiaDsen, C. , 183. 

CiaoC E., 213. 

Cicero, 131. 


4T 


A ’ 


Cfapham High School, training of teach- 
ers. 57-58. 

Cla»«>3 d^ n>a(,h6niatiquc8 ep^dales, 
68-72, 74-76.’ 

Olebsi'li, A.. 127. 

ColI5gc do France, 71, 73. 

Oolloge Knlrauce Examination Board 

201 . 

Colleges comniunaux, 28f, 66. 

Collin, K. R., 178. 

ComlM'tfe, E., 26G. 

Committee of Seventeen, ix*j)ort., 20.3, 204, 
Compus Rendm dt ’VAnuUmie S-s Scienctf 
25. 

t^oncours, Belgium, 29; France, 7F-75; 
/ Japan, 145, 148. Set also Agiegation, 

^g6. • , 

Contemporary Rexitw, 68. 

Conti, A;, 143. 

Cwdidgi*, J. L., 143. 

Coon«, G. B. M., 129. 

Coriolis, G. G., 266. 

Counts, G. S., 202, 209. ^ 

Cramer, II., 128. 

Crelier, L., .199. ‘ 

: Cyclopedia of Edumturn (edited by-P. 
Monroq), 3, 45, 46, 110, 129, 137, 143^ 
152,160,202. ^ 

Czuber, E.. 27, 62, 146. 

Bandelin, G. P., 265. 

Dantschcjr, V. von^ 

Barboux, G., 

Karlingtoafl'., 163, 166, 167. 

DiyjgO.. 34. 
lautheville, S., 180. 

tllemoivpre’s theorem, 7, 10, 133, 150, 257. 
Denmark, 3, 39-44, ITl, 214-217, 2^-6, 
228. . 

Deniyjts, F. H. G., 32. 

Descartes, R,, 41, 257. 

Diekman, F. J. It., 82. 

Dingier, H., 104, 107. 

Dini, U., 22. 

Dintzl, E.*, 26. 

Dirichlet, P. Q. L.; 134, 169, 

Dixon^ A. L.i $0 

Docent. . Bee Privatdocent. " ^ 

Dock, 38. ^ 

Doctorate, 226; Austria, 25; Belgium, 
81-36, 87, 213, 214, 226; Denmark, 41,' 
42; Pmnce, 216; (Jermany, 90, 91, W, 
2^, 217; Italy,, 141, 218, ^19, 226; Ja. 

as. ^ ‘ . 


■ 


t 


INDEX. 


281 


pan, 152; Nethprlanda, 155, 15(5, 220, 
226; Kuasia, 165, 221; 8|>aiD, 168-170, 
221, 226; Sweden, 176, IS! 185, 222, 
226; Switzerland, 19-1, 195, 197;-l:fftlted 
States, 207. 

Doild, C. 1 , 137. 

Donder, T de, ;17; 

D’Ovidio, E., HO. 
l>nioh, J., 182. 

UriKle, R, 18:J. ' ' ^ 

Ihimur, J. P„ 128, 211. 

Dupin' U„ 13!, 

Dur5g«, li.. 181. ' 

Kberhard, V., 87. 

Emle NorinaleSujM^rieurt', Paris. G8(, 216. 
Eoolo PolyttVliniquo, Paris, 681. 
[^iAiumtMHal Ket>iew, 79, 

Eidgenosai^'he Twhnische Hoohschill 
‘Zuri?h, 191-191, 198. 

Ekman, V. W.', 186. ' 1 

Eliot, r. W, 211. 

Encyclopatdia^riiannica, 129, 16,3. 
Engtd^:..S7. 

h^6nd, 3, -15 6b, 163. 215, 223-22(5, 228, 
2,30-251. ■ 

Engstrora, E. A., 186. • \ 

V Eiisngtwnuni Maihfinaliqtiie^ 4, 26, 38, 
' 72, 123, 128, 129, 137, H3, 157, 167, 190, 
199,211. ’ . 

E6(to8, J., 135, 

Epstein, P., 117. - 

Eurlid, 9, 65, 169, 206. 

Euelid’^seleiiuuita, 6, 7 , 41, 49, 50, 54, 172. 
Euler, L.»32, 114, 150, 169. 

Euler’s line, 154. 

“ Euler’s theorem ” (or polyhedra, 1#, 
Eversheim, P., 99. 

• - * »c 

Examination pap^trs, Bavaria, Lehramts- 
prOfuug, 99, 100; Belgium, concours 
g<kw?ral, 30; Denmark, skoleembedsex- 
amen, 42-44; England, Cambridge en- 
trance scholarship, 245-251 , Cambridge 
f local (senior), 231-236, Oxford and 
Cambridge schools, 236-242, University 
of London n^atriculaiion, 242-244; 
France, Qoncours for adoussido to 
P:6cole Konnale, ^updriOuire, and 
bourses 4e licenses!, 252^254, cpncotus 
de Pagrdgation dos sciences matbdtna- 
tiqiMS, 255-266; Hamburg. Relfeprtb 
fungen, 269-271; Japan, teadhe»’..li; 
censes, 275-278; Wurtitembwgi 
prnffihgen, 267-269, L^muatsifftLfuii- 
g»a, 271-274. , . ' , 



Examinations for prospectiye teachers in 
seoondarjr' schools, Alsace - Lorraine, . 
peminarjalir, 116, 117; Austfia, l>eh- 
ramtaprtifting, 22f. 212f; Baden, general 
and spe<'ial eubjwt examinations, 
Seikinarjahr, ir3-116; Bavaria, Ivchr- 
amtspriifung, Senvinarjahr, 99-106; 
Belgium, as candidate in phj-sical 
science and inathemalii's, for doctorate, 
31f. 213, 21|; Denmark, tiloeofikum, 
skohM'mbedsexatnen, 4lf, 21L 215; Fin- 
land (or in philosophy, for ■ 

miilicate of aptitude in teaching, for 
Ik'enliate and d'octorate, 62f,' 215, 216; 
France, licence dsftuehrefl, agrC*galion, 
and doctorate, 68f, 216; Hamburg. 
Serninarjahr and Probejahr, 119-121; 
Hesse, general and special subject, ■ 
Seminarjahr, 4'*robejahs,dl7, 118; Hun- 
gary, general, special subject and |>eda- 
gogic. 132-137, 218; Italy, for diploma 
di magistero; fordottore in matematiche 
pure, for licfuiza dell’ uuiversita, 14.1,^ 
218, 219, 221; Japan, for leachers' 
licenses, 147 152, 275-278; Nether- 
lands, esammationa for candidature, 
certilicate of capacity for’ secondary 
school txiaching, and for the doct«m,to,. 
465-157, 220; Prussia, examination pro 
facultate dbcendi or Staateexamen, 
^thiharjabr, Pipbejahr, 87-97, 217; 
Ijtoumania, license tm sciences ntathd- 
matiquea, for certificate of a pod^ogic 
jnar, examination of capacity, 159,.,. 
221; Russia, State examination; 
IK -6; Saxony, LehramtsprOfung, Sem- 
i^narjahr, and Probejahr, 107-110; 

( Spain, licenciatura, doctoratei, 168-170,* 
221 ; Sweden, filusofie ilmbetsexataen, 
hlosofie licentiatexamen, for* filosofie 
doctor, lor provAr, 176-188, 222; Swit- 
zerland, for baccalaur6at As' science 
mathAmatiques, for certificat d’apti-" 
tude A Penseignement des sciencea 
^dans lee Ata^riasements, sec^daifos 
nipArieura, 'tnr licence A« edencee 
matbAmatiques, • PatentprOfung ytm 
£jandidaten dee btttieren Lehramts, toi 
doctorate, 19^198; Wurttembeig( Dfen- 
•tpr HfuDgen, Vorbereituogiqahr or Bein> 
iaaljaitr, lU-13, ^1^274-, S«« aUo, 
B4d>elor of arte, ^beior of 
fby, Bedudt^of adence, i^tiunuj^teniV 











282 


index.' 


I'. : 

u 

I" .. 


Examfcationfl in secondary schools, Aus- 
tralia, junior and senior examinations, 
^ 6 - 8 ; Austria, Maturitatiprttfungen, 17 ; 

Belgium, for dipidme de sortie, 3 ®, 213; 
Denmark, realexamen, and studentexa- 
t men, 3 ®, 4 (r; Finjand,Jeaving examina- 

tion, 61.; trance, for baccalaurdat, con- 
cours for ficole Normale Sup^rieur and 
Ecolo Polytcchnique, 67-72,- 216,- 262- 
254; Germany, AbSchlussprilfung, and 
Abgangsprilfung, or Arbiturientenprii- 
furig or itaturitiitsprttfung or Ileifepra- 
fuiig, 78, 81 ,* 84 L Hungary, for certificate 
of maturity, 131; ;ta1y, maturity, forli- 
ccuzaginnasiale, forlit'enzaliceale, 139 ; 
Netherlands, for diploma, 153-155, 220 ; 
New South Wales, for intorineiliato and 
l^ving*t(>rtir.cat(i. 5-7; Koumania, 

^ certificate of secondarV study, 158; 

* Russia, certificate of mat^ty, 162, 1^; 
Spain, bachiller en antes, 168, 221 ; 
Swecjen, Realsnolcxamen, studentexa- 
^ ™P''0'‘ii%iing8examoil,ormat4ritetsex- 
aincn, 172-174; Switzerland,, maturity 
examinations, 193, 193. See also tol- 
Icge Kill ranee Examination Board. 
Faber, G., 117. 

FaTber, C’., 87, 96. 

Faifofer, A., 140. 

Fairon, J.-, *32, 37. 

Fanti, A., 143. 

^'azzari, G.', 143. 

Fehr, H., 199. , 

Fell, 91. 

■ Fermat’s- theorem, 25, 29, 213. 

Ferreras, L., 170. 

Feuerbach’s theorem, 21. 

Fibonacci’s scries, 25. 

Filosofie doktor. 176, 222 . 

Filosofie licentiatexamen, 176, 222 . 

Fllosofikum, 41, 214. • ' 

I^losofisk 4,nabetsexamen, 176 , 222 
, Fink, K., 10. 

Finland, 3, 61-65, 215, 216, 224, 226, 228 
230. ‘ 

‘Fletcher, W. C., 58, 60 . 

FOppl, A., iS4. 

Forster, 120. 

Folie, F. J. P., 32, 

'Forel, 103. 

‘ . Poirnw, itt English schools, 46f. 

Poisyth, A R., 182. 

* Pouter’s ^es and integrals, 13, 24 
107, 134, 147^1M, 194, 196*,;^13, 2^. 


France, 3, 19, 66-77, 144, 158, 163, 216 
221 , 224-228, 252-266. 

Fr^et, R. M., 264. 
tMcl, 92. .’ 

Fricdel, J., 184. 

Fries, W., 27. ^ 

'Frobeniua G., 93 . . 

Fuchs, L.\l27. 

FuhrraannVA., 180 . .a 
Fujisawa, R , 14^, 152. 

Gakushi, 146, 152, 219, 220 . 

Galdeano, Z. G. de, 170 . 

GaJIandc-r, 0 ., 190. 

Galois, E., 170. 

Gauss, K. F., 134. l.'iO, 206. 

Gazeta matematica, 15 p. 

Geek, E., 128. 

Gehrcke, E., 184. 

Geometry, descriptive, 16., 18, 21 23 
24, 33, 69, 70, 74 , 83, 89, 98-100,’ 105,’ 
107-rl09, 111, ip, 114^ J21, 122 , 132 , 134, 
I3<^, 147, 153. 155, 157-159, 164, 169. 
170, 172, ^93, 195^197, 214, 218, 220 
221, 223. 226, 264 . 266. 2'72, 274; pro^ 
jective, 18, IS, 23. 24, 32. 62, 65. 69 
98, 107, in. 114, 122, 132-134 I47’ 
169, 193-197, '206, 214, 2l9-223j 226* 
271. , ’ 

Genflany, 3, 4. 19, 28. 77-129. '163, 200 • 
210, 217, 218, 224-228, 230, 267-274 
Gesellschaft deutecher Naturforecher und 
Arzte, 121 , 122 . ^ 


Geuthtfr N., 128. 

Geyser, 91. 

Gibbs. J. W., 184, 

Ginnajjo, 138, 229. 

Girard, A\, 25. < 

Girod, F.,yo. i 

Gmeimer, A., 21 .* * 

Godeaux, L., 32. . 

Godfrey, C., 50, 

Gflransson, E., 190. 

Goldzieher, K., 3 , 137. 

Gordan, P., 104. 

Gottingen, University of, 78, 90, 97 * 
VoiBchlilge, 122, 123. '• 

Goursat, E., 72,,73ri79, 206. 

Graf, 199. 

Grassmpnn, IP G., 127 . 

GrayfA., 183. 

Green’s fonnuia, 169, 194, 196, 286 
Greenhill, O., 146. 

Qreenstreet, W. J-, 60. 

I Gregory, J., 160. ^ » 






- INDBX.^ 


283 


' ; 


Gr^vy, A. C., 264, 266. 

'GposBmann, M., 199.* 

Olubler, E.‘, 199. " ‘ ' 

Guinchard, J., 190. 

Guldin, P., 154. 

Gutotner, A., 87, 121. 

Gyllcnbci^ K. A. W., 186. 

Gymnasien, Austria, 15f; Henmark, 

228; Germany, 28, 78f, 224, 228, 267, 
269; Hungary, 130,. 218, 229; ^jpther- 
lands, ‘l53f, 229; Uoumania, 158, 229; 
Russia, 160f, 229, 230; Sweden, 171 f, 
229; S^tzerland, 191f, 230! ' See aUo 
Realprogymnasien, Reformreaigymna- 
sien ,* Untergymnasicn . 

Hadamard, ?66. ^ 

llakuslii, 152. 

Hallgrcr^., 190. 

H^lti^OVvR., 33, 114. 

llammdnd, H. E. 1)., 12^. 

Ha?dy, G. H., 60f 

ck. A., 178, 182. 
flartogs, F.. 107. 

Hausarboiten, 22, 24, 25, 212, 213. 
Hausdorff, F., 87. 

Ilayashi, T., 152. 

Hedrick, E. K., 206. 
llcegaard, P., 44. 

Heen, P. J'. F. de, 34. 
llcffter, L., 87. 
llegland, M., 44. 

Heiberg, J. L., 41. 

Heine, H. E., 114. 

H6ia, E,,82. . * 

Helmholtz, H. L. F.,11^, 273. 

Henry, P., 34. 

S ensed K., 87, 182. 

crbaA, J. K., «5, 102, 103, 120, Tso! 
fterglotl, G., 109, 110. 

Hemiitl, 0., 134. 
iTertz, H. R., 184. 

Heasenberg, G., 99. 

Hessians, 169. 

Hettner, H., 98. 

“High Schools*’ (universitios and tech- 
nical schools), 78, etc. 

•‘Higher cHucation" 
schools,” 45, 78. 

Hilb, E.. 104. 

Hilbert, D., 87.^ 

HOfler, 96. 

HOldeii L. 0., 109, 114. 

Hoffman^., 82. 

Hope, A., 48, 59, 60, 129, 230. 


and “higher 


Hocn^fr’s method, 133, 158, 273. 

’ Hoasfeld, 0., 128. 

Hoveqtadt,H.,96. < 

Humbert, G.> 70. 

Hungary, 3, 130-137, 218, 224, 225, 229 % 
Husson, A. S. E., 266. 

Huygens, C., 193. 

Institutos dc segundaensefianza, 168. 
Intornational Commission on the Teach- 
*ing of Mathematics, 3, 4, 14. 26, 27, 38, 
44,. 60, 6^, 76, 82, 83, 97, 121, 123, 127, 
128, 137, 13‘8, 143, 152, 157, 159, 167, 170, 
199, 201, 210, 226, 254. 

International Congress of Mathematicians, 
3. 

Istituto tecnico, 138, 229. 

Italy, 3,19, 138-143, 218, 219, 224-226, 
229. 

Jackin, C. S., 60. 

♦ Ja^cobi, C. G. J., 24, 32, 114, 256. 

Jacob ians, 169. 

Jacobs, 'W. R., 205. 

Jacobsthal, W., 182. 

Jager, G;, 120, 184. 

Jahnke, E., 127. 

Jahrej<bericht der- deuischen 
Vereinif^ung, 21-, 97, 122. 

• JahresberichUn iibkr.das hohere Schulwe^en, 

121 . 


Je.ans, J. H?, 184. 

Josien, W. S., 163, 167. * V 

Jolifife, A. E., 52, 60. 

Jordan, C., 181. • / ’ 

Jourdain, P‘. E. B., 183. 

Joumah^ Maihii^atiqiLea ilhruntairet^ 
266. 1 . 

Judd, C. IL, 60, 129, 207. 

■Jullien, M., 180.' 


Kant, E., 96. 

Kanton^hule, 191. 

KArmdn, M., 136, 218.i 
Katz, D., 128. 

Kaitfmann, W., 98. 

Kayser, H. G. J., 98, 99. 

Key, E., K)3. 

Kiepert, L., 62. 146. 179-. ^ 
Kikuchi, D., 145, 152.. 

KUling, W., 87.91, 96,97, 120, 


127. 


King, R.,. 20^. 

Kirchoff,X5. R., 114* 183, 184 r 
Klein, F., 87, ?6, IoSMiO, 120, 128, 182, 


Khesor, A., 87. 
Knoblauch, J., 87, 98, 


Knopp, 


K.,'98. 


284 

Koch, H. von, 190.* 

Kocbe, P., 109, 110. 

KOmer, K., 127. 

Kondmtiev, M., 167. 

Konen, 91. 

Konrat)!, T., 27. 

Koos, K V., 202. 

Koppe, C. W. N., 82. 

^Kowalewski, G., 98, 99. ^ 

Kraft, K. W. F\180. 

’ Kraui, K., 26. 

KOrschAk, J., 137. 

Kummer, E. E., I27. 

Kuylensticma, N. G. 0., 186. 

Kyoyu and kyoyu kokoroe, 151, 152. 
Lacombe; M., 199. 

Lagenrtet, N. G. W., 190.- 
Lagrange. J. L., 133, 150, 163, 169. 
Lagrange^s* equations of motion, 33, 114 
179,256. t ’ 

Laguerre, E. N., lOl. 

Lamb, H., 13, 146. 184. 

Lam6, G., 25. 

Lampe, E., 87, 127. 

LandaU', E., 87. 

, tandsberg, G., 87, 182. 

Laplace's equation, 1 14, 1^6. 
Latingymnnsium, I72f. 

Laurent, P. M. If., 256. 

Lazzeri, G., 140. 

Learned,. W. S„ 79, 84, 126, 129, 204. 
Ledoux, A., 34. 

Legendre, A. M., .32, 147, 169. 

Legge, j. C., 190. 

Lehmann, E., 110. , * 

Lehmann*Fiih/S8, R., 98. 

Lehramtsaseesor, 118.' 

Lehramtsprilfung. iee Examinations for 
prospective teachers in secondary 
schools. 

Lehramtsreferandar, 118. 

Leibnitz, G., 98. 

Lektorer, 188, 189, 222. 

Lenard, P., 184. 

Leonardo Pisano. See Fibonacci's series. 
Leonhardt, E., 136. 

Lessing, G. E., 155. 

Leubuscher, G;;.138. 

Licei, 138, 229, 230. 

$€e aUo Lyc^es and Lyceer. . • 

Licence Os sciences, 63, 73, 159, 195,^216. 
220 . 

Licenciadb, 168.’ 
licenciatura, 168, '221, 


INDEX. 

Licenses, leacheft. 147-152, 275-278. 
Licentiatexamen, 176, 180-184, 222. 
Licenza, 139, 141, 219, 221. 

Lietz, H., 120. . ^ 

Lietzmann, W., 4, 82, 127^12$ 
Lillienthal, R. von, 87. * 

LindelOf, L., 62. 

Llndemann, F., 107. 

Lindskog, N., 180. 

LindstrOm, P. E., 190. , 

Lipachitz, R. 0. S., 150. 

“Little Go", 51, 53. 

Liverpool, University of, S2; training of 
teachers, 56, 57. 

Liveq>ool Institute, 47. 

Loeht, L. dc, 33. , 

Locke, J., 120. 

Lowy,\., 116. 

London, F., 87, 98, 99., ^ 

Ivondon,' University of, 50-52, 242-244. 
Ivoos, J., 27. 
lyorentz, II. A-., 184. 

Korey, W., 87, 96-98, 108, 121, 123, 127 

m. 

Lornieaii, E.,^7. 

Love, A. E. II., 184. 

LOroth, J., 116. * 

Liikat, N., 32. 

Lyceer, 61f, 228. See oho Lirei and 
. Jiyc^*es. 

Lyc6cs, 28,’ C6f, 158, 159, 225, 228, 229. 

See aho Licei and Lyceer. 

Macaulay, F. S., 60. 

McCorniack, T. J., 183. 

Much, E., 183, 184.- 

Maclaurin’s seVies, 32, 133, I 60 , 193. ♦ 

Magic, W. F., 183. 

Mi^d.ster (degree), 165, 221. 

Malfaui's problem, 21. 

Mansion, P., 33. 

Marotte, F,, 129. ' 

Massail? J., 33. '' 

Master of arts, 207. 

Martinak, E., 27: 

Miser, II., 182. 

Mathematical Gazette, 49, 50. 

Matlrematics, analysis, 98; geometry, 9, 
149, 206; tiistory, 10, 12, 20, 21, 33, 34^ 
41, 65, 96, 104, 117, 207; mechanics, 16^ 
183; theory of heat, 184. ' 

Maihematica Teacher, 54, 

Y Mathetia, 30. 

Mathevs, G. H., 183, 

Malhy, E., 37, 




INDEX. 


286 ' 



Matter, K., 199. 

Maurer, L., 181, . • 

Medd, J. C., 157» 

Mellemakoler, 39f, 228. ^ 

Mellor, J. W., 146. ^ 

Monelaus* of Alexandria, 154. 

Merlet, P., 67. • ' • ' . , 

Merten«,<!‘., 21; 

Meuanicr’s pi^rcm, 255. ^ 

-Meyer, 0. E.,>7, 184.- 
Middle schools, 15, 26, 28, 101, 144f, 197, 
212, 220, 224. Rtt aU9 Mellemskoler. 
Middle schools (higher), Belgium, 28; 
Japan, 144f, 220. 

Middle schools (lower),* Belgium, 28.A 
Mikola, S., 137. ^ , J 

.‘Miller, G. A., 211. 

Minorval,.35. 

Mises, R. von,. 117. 

MitUlsehuUf 27. ^ 

Moderations, 53. , . ‘ 

Mongc,'G.,J34. 

Monroe, P. See Cyclopedia of Education. 
Montfort, L.*, 38. , 

Moran t, R. L., 199. 

Morf, L., 199. 

Morgan, A., 199. ' ' 

'Muller, E., 21,26. , ' 

Mtiller, J., 183. 

MQnsterberg, H., 84. 

National Education Association, 210; 
proceedings, 204; report of the Com- 
mittee of Seventeen, 203, 204. 
Nationsforeningar or nation^ societies, 
176,177,181. 

NeH.IC., 95. 

Noleon, E„ 211. 

Nemst, W., 178. 

Netherlands, ']^o, 3, 153-157, 220, 224- 
226,229. - C. 

Netlo, E., 182. ' 

Nedberg,' J., 33, 37 . 

Neumann, C., 114., 

Neumann, E. R., 87. 
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Nunn, T. P., 60. 
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Polytechnikum or Technischet Hoch- 
schule, 87, 104; Berlin, 127; Budapest, 
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PrivaUloi'cnlen, 19r20, 104, 132, 164 1 86 
189. \ ‘ • 

Probojahr and Provir: See Exainina- 

a i for prospective teachers in >ec- 
iTy sc'hools. 
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Schur, J., 98, 117. ’ / * 

Schiistep, M., 121. 
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Smith, C.. 146. 
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Speiser, A., 117. \ 
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Spring, A. F., §4. • ' \ 
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St^per,*A. W., 211. \ 
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Stirling, J., 150. 

Stitt, A.. 27. 

Staber, E. A., 34. 

Stacklin, J.. 199. \ 
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Stroobant, P., 33. 
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Sturm, J. C. F., /34, 147. 

Sturm, R., 87, 127. • 

Stuyvaert, M., 32. 37. 

Suppantschitsch; R., 21. 

Surveillant, 36, 213, €14. 

Suxraza- Verdi, T. de, 143. 

Swarts, F.. 34. ' • ' 

Sweden, 3, 171-190, 217, 222, 224-226, 229. 
Switzerland, 3» 191-199, 222-226, 230. 
Sylvester, J. J., 133, 134. 

Szaba, P. von, 137. ^ ' 

Tmt, P. G.s 183. 

Tannery, J., 70, 182. 

Taylor’s expansion, 20, 32, 40, 69,^ 133, 
169,255,256. ^ 
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Austria, 26; ^Igium, 37; Denn^k,f42, 
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212, See also Examinations for pfxxh 
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Tentamenabok, 177, 181. \ 

» Thaer„A., 128. 

‘ Theoratikum. 137. 

Thieme, H., 96. 

Thomadir, W., 183. 

Thornton, J. S., 44, 65, -174, 175, 187, IdO. 

Timpe, A., 184. 

fodhhnter, 1., 145, 146, 178,^179. ’ 

Toledo, L. O. de, 170. 

' Torricelli, E., 256. 

Torroja, M*, 170. 
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Triyett, J. B., 14. 

Twentyman, A. E., 129. 

Txitz4ioa, G., 159. 

United States, 3, 4, 200-211, 215, 216, 

- 223-226.230. 
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Belgium: Bruaae^, Ghent, Liege; Lou- 
vain, 31 f, 213, '214, 228; Denmi^k: 
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tiers, Renfies, Toulouse, 66, 216, 228; 
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langen, Frwkfurt, Freiburg, Giessen, 
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Kiel, Kooigsberg, Leipzig, Marburg, 
Munich, Munster, Rostock, Strassburg, 
Tubingen, Wurzburg, 78, 87-91, 97-99, 
103-118, 122-124* 127-129,, 217, 225, 
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Vogt, W., 87. 

Voigt, W., 184. 
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Wai^, Van der. See Van der Waals. * 
vWallentin, f., 17. 
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Wiman, A.. 190. 

Wins, J , 116, 127. 
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